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HUMAN TELOMERASE REVERSE TRANSCRIPTASE AS A CLASS-H RESTRICTED 

TUMOR-ASSOCIATED ANTIGEN 

[0001] This application claims priority to U.S. Provisional Application Serial No. 
60/345,012, which was filed on October 29, 2001. 

[0002] This invention was made using funds obtaiaed from the U.S. Government 
and the U.S. Government may therefore have certain rights in the invention, 

BACKGROUND OF THE INVENTION 

A. Field of Invention 

[0003] The present invention relates to the identification of hTRT restricted 
epitopes and the use of these identified epitopes to elicit an immune response against the epitope. 
More particularly, the present invention uses the identified epitopes to treat hypeiproUferative 
diseases. 

B. Description of Related Art 

[0004] CD4+ helper T-cells (Th), which recognize major histocompatibility 
complex (MHC) class Il-restricted tumor-associated antigens (TAA), play critical roles in 
initiating, regulating, and maintaining antitumor immune responses (PardoU et al, 1998; 
Rosenberg, 1999). Dissection of immune cell interactions has revealed, the requirement for 
epitope linkage between class U-restricted and class I-restricted epitopes for the induction of 
potent antitumor responses (Bennett et al, Schoenberger et al, 1998). Despite the importance of 
0)4+ Th (PardoU et aL, 1998; Rosenberg, 1999), only a few MHC class H-restricted TAA are 
available for ihe development of tumor vaccines/immunotherapy (Topalian et aL, 1994; Chaux et 
aL 1999; Manici et al, 1999; Wang et al, 1999). In contrast to the successful identification of 
MHC class I-restricted TAA recognized by CD8+ cytotoxic T-cells (CTL) (van der Bmggen et 
al, 1991), class H-restricted TAA are difficult to detect (PardoU et aL, 1998; Rosenberg, 1999), 

[0005] Current approaches to identifying class H-restricted TAA rely on scarce 
primed tumor-specific CD4+ T-ceUs (Topalian et al, 1994; Wang et al, 1999), which severely 
limits their application. For instance, a biochemical approach, based upon the detection of 
tumor-specific CD4+ T-cell responses to peptides eluted fi-om class Il-positive tumor cells 
(Topalian et aL, 1994), is Umited by the scarcity of primed tumor-specific CD4+ T-ceUs and the 
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difficulty of purifying minuscule amounts of class H-restricted peptides from tumor cells. An 
inxproved approach, reported recently(Wange../.. 1999), is to transfectDNAUb^^^ 

antigen presenting cell (APC) genetically modified to express appropriate MHC molecules, 
followed by identification of transfectants capable of stimulating tumor-specific human CD4+ T- 
cells. Although used successfixlly to identify a mutated antigen, this approach cannot pnme T- 
ceUs and is stiU Umited by the scarcity of primed tumor-specific CD4+ T-cells. 

I0006J The immunogenetic screening approach developed in the present mvention 
has the uiuque abiUty to prime human CD4+ TH cells in vitro and can be appUed to the 
identification of any class H-restricted antigens associated with tumors, infectious diseases, 
autoimmune diseases, or allergic diseases. 

BRIEF SUMMARY OF THE INVENTION 

[0007] The present invention is directed to polynucleotide and amino acid 
sequences of human telomerase reverse transcriptase MHC-I and MHC-H restricted epitopes. It 
is envisioned that these epitopes are used to eUcit an immune response against the epitope 
resulting in a treatment for hyperproliferative diseases. Hiese epitopes were identified using a 
retro-en strategy. Yet fiirther. the present invention comprises the treatment of 
hype^roliferative diseases using the identified epitopes. The treatment of such a 
hyperproliferative disease involves the administration of the polynucleotide and/or amino acid 
sequences of the present invention It is contemplated that the polynucleotide sequences of the 
present invention are inserted into an expression vector that is administered to a subject. Yet 
fiirther, tiie expression vector is transduced into antigen presenting or tumor cells, which are then 
administered to a subject. It is also contemplated that the amino acid sequences of the present 
invention can be administered to the subject or pulsed into antigen presenting ceUs or timior 
cells. 

10008] An embodiment of the present invention is an isolated polynucleotide 
sequence comprising the nucleic acid sequence of SEQ.ID.NO.l or SEQ.ID.N0.2. In specific 
embodiments, the nucleic acid sequences of SEQ.ID.NO.l or SEQ.1D.N0.2 are inserted into an 
an expression vector. Yet fiirther, it is envisioned that the expression vectors are used to produce 
transformed cells. Still fiiriher, it is contemplated tiiat the expression vectors are administered to 
a subject to eUcit an immune response. For example, a method of the present invention is a 
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method of eliciting an inrnmne response directed against an antigen, comprising the step of 
administering to a subject an expression vector of the present invention. 

[0009] Another embodiment of the present invention is an isolated polypeptide 
comprismg the amino acid sequence of SEQ.ID.N0.3, SEQ.E).N0.4 or SEQ.ID.N0.59. 
Specifically, the amino acid sequences of SEQ.ID.N0.3 and SEQ.ID.N0.4 comprises epitopes 
that binds to MHC-I and MHC-II. The ammo acid sequence of SEQ,n).N0.59 comprises 
epitopes that binds to MHC-E. Yet further, the polypeptide compositions are used to eUict and 
immune response. 

[0010] Yet further, another embodiment is an expression vector comprismg a 
polynucleotide encodmg signal sequence, a polynucleotide encoding at least one epitope of 
human telomerase reverse transcriptase (hTRT), a polynucleotide encoding a cell bmding 
element and a polynucleotide encoding a dendritic cell receptor, all operatively linked. 
Specifically, the epitope induces a CD4+ T-cell response or induces a CD4+ T-cell and a CD8+ 
T-cell response in a mammal. In particular embodiments, the epitope of hTRT is selected fi-om 
the group of polynucleotide sequences consistmg of SEQ.ID.NO.l, SEQ.ID.N0.2, 
SEQ.ID.N0.5, SEQ.ID.N0.6, SEQ.ID.NO.?, SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.NO.IO, 
SEQ.ID.NO.il, SEQ.ID.N0.12, SEQ.ID.NO.l3, SEQ.ID.N0.14, SEQ.ID.N0.15 and 
SEQ.ID.N0.16. It is contemplated that the expression vector is used to produce transformed 
cells. 

[0011] Still further, another embodiment is an expression vector comprising a 
polynucleotide encoding signal sequence, a first polynucleotide sequence encoding at least one 
epitope of hTRT, a second sequence polynucleotide encoding at least one epitope of hTRT, a 
polynucleotide sequence encoding a cell binding element and a polynucleotide sequence 
encoding a dendritic cell receptor, all operatively Unked. In specific embodiments, the first and 
second polynucleotide sequences encoding at least one epitope of hTRT are separated by an 
internal ribosome entry site or are in tandem and xmder the control of one promoter. Yet further, 
the first polynucleotide sequence encoding at least one epitope of hTRT encodes an epitope that 
binds to a MHC-II receptor and/or a MHC-I receptor. The second polynucleotide sequence 
encoding at least one epitope of hTRT encodes an epitope that binds to a MHC-II receptor and/or 
a MHC-I receptor. More particularly, the polynucleotide sequence is selected jfrom the group of 
polynucleotide sequences consisting of SEQ.ID.N0.1, SEQ.ID.N0.2, SEQ,ID.N0.5, 
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SEQ.ID.N0.6, SEQ.ID.N0.7. SEQ.ID.N0.8. SEQ.ID.N0.9, SEQ.ID.NO.10. SEQ.ID.NO.il. 
SEQ.ID.N0.12. SEQ.ID.N0.13, SEQ.ID.N0.14, SEQ.ID.N0.15 and SEQ.IDJ^0.16. It is 
contemplated that the expression vector is used to produce transformed cells. 

100121 Another embodiment of the present invention is an expression vector 
comprising a two transgenes, wherein the first and second transgene comprises a promoter 
polynucleotide sequence, a polynucleotide encoding signal sequence, a polynucleotide sequence 
encoding at least one epitope of hTRT. a polynucleotide sequence encoding a ceU binding 
element, and a polynucleotide sequence encoding a dendritic ceU receptor, all operatively linked. 
Specifically, the promoter polynucleotide sequence is the same or is different for the first 
transgene and second transgene. Yet further, the polynucleotide sequence is selected fi:om the 
group of polynucleotide sequences consisting of SEQ.ID.NO.l, SEQ.ID.N0.2, SEQ.ID.N0.5. 
SEQ.ID.N0.6, SEQ.ID.N0.7, SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.NO.10, SEQ.ID.NO.il. 
SEQ.ID.N0.12, SEQ.ID.N0.13, SEQ.ID.N0.14, SEQ.ID.N0.15, SEQ.ID.N0.16, 
SEQ.ID.N0.95, SEQ.1D.N0.96, SEQ.1D.N0.97, SEQ.ID.N0.98, SEQ.ID.N0.99 and 
SEQ.ID.NO.100. It is contemplated that the expression vector is used to produce transformed 
cells. StiU fijrfher, a method of the present invention is a method of eliciting an immune 
response directed against an antigen, comprising the step of administering to a subject an 
expression vector, transformed ceU and/or cell lysate of the transformed ceU of the present 
invention. 

[0013] Another specific embodiment of the present invention is a method of 
eUciting an immune response directed against an antigen comprising the step of administering to 
a subject a peptide selected from the group consisting of SEQ.ED.N0.17, SEQ.ID.N0.18, 
SEQ.ID.N0.19, SEQ.ID.NO.20, SEQ.ID.N0.21, SEQ.ID.N0.22, SEQ.ID.N0.23, 
SEQ.ID.N0.24, SEQ.1D.N0.25, SEQ.ID.N0.26, SEQ.ID.N0.27. SEQ.ID.N0.59, 
SEQ.ID.N0.62,SEQ.ID.N0.77. SEQ.ID.N0.89, SEQ.ID.NO.90. SEQ.ID.N0.91. 
SEQ.ID.N0.92. SEQ.ID.N0.93 and SEQ.ID.N0.94. 

(00141 Still further, a method of the present invention is a method of eliciting an 
immune response directed against an antigen, comprising the step of administering to a subject 
an expression vector, transformed cell and/or cell lysate of the transformed cell of the present 
invention. 
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[00151 Another embodiment of the present invention is a method of treating a 
hyperproliferative disease comprising the step of administering transduced antigen presenting 
ceUs to a subject via a parenteral route. The hyperproUferative disease is fiarther defined as 
cancer. Yet further, the cancer is selected firom the group consisting of lung cancer, head and 
neck cancer, breast cancer, pancreatic cancer, prostate cancer, renal cancer, bone cancer, 
testicular cancer, cervical cancer, gastrointestinal cancer, lymphomas, pre-neoplastic lesions in 
the lung, colon cancer, melanoma, and bladder cancer. 

[0016] hi specific embodiments, the antigen presenting cells are autologous or 
allogeneic to the subject. The antigen presenting cells are pulsed with an expression vector 
comprismg a polynucleotide sequence of hTRT, wherein said polynucleotide sequence of is 
selected from the group consistmg of SEQ.ID.NO.l, SEQ.ID.N0.2, SEQ.ID.N0.5, 
SEQ.ID.N0.6, SEQ.ID.N0.7, SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.NO.IO, SEQ.ID.NO.il, 
SEQ.ID.N0.12. SEQ.ID.N0.13, SEQ.ID.N0.14, SEQ.ID.N0.15, SEQ.ID.N0.16, 
SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97. SEQ.ID.N0.98, SEQ.ID.N0.99 and 
SEQ.ID.NO.100. More particularly, the antigen presenting cells are pulsed with a peptide 
selected from the group consisting of SEQ.ID.N0.17, SEQ.ID.N0.18, SEQ.ID.N0.19, 
SEQ.ID.NO.20, SEQ.IDJ^0.21, SEQ.ID.N0.22, SEQ.ID.N0.23, SEQ.ID.N0.24, 
SBQ.]D.N0.25, SEQ.E).N0.26, SEQ.ID.N0.27, SEQ.ID.N0.59, SEQ.ID.N0.62, 
SEQ.ID.N0.77, SEQ.1D.N0.89, SEQ.ID.NO.90, SEQ.1DJS[0.91, SEQ.ID.N0.92, 
SEQ.ID.N0.93 and SEQ.ID.N0.94. 

[00171 Another embodiment is a method of treating a hyperproUferative disease 
comprismg the step of administering to a subject an expression vector with a pharmaceutical 
acceptable carrier, wherem said expression vector comprises a polynucleotide promoter 
sequence, a polynucleotide encoding a signal sequence, a polynucleotide encoding an at least one 
epitope of hTRT, and a polynucleotide encoding a cell binding elstnent and a polynucleotide 
sequence encoding a dendritic ceU receptor, all operatively hnked. Particulariy, the epitope of 
hTRT is selected from the group of polynucleotide sequences consisting of SEQ.ID.N0.1, 
SEQ.ID.N0.2, SEQ.ID.N0.5, SEQ.ID.N0.6, SEQ.ID.N0.7, SEQ.ID.N0.8, SEQ.ID.N0.9, 
SEQ.ID.NO.10, SEQ.lD.NO.il, SEQ.ID.N0.12, SEQ.IDJ^0.13, SEQ.ID.N0.142, 
SEQ.ID.N0.15, SEQ.ID.N0.16, SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97, 
SEQ.ID.N0.98. SEQ.ID.N0.99 and SEQ.ID.NO.100. 
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[00181 Still further, another embodiment is a method of treating a 

hyperprohferative disease comprising administering to a subject a hmi specific peptide with a 
pharmaceutical acceptable carrier, wherein said peptide binds to a MHC-H receptor. More 
specifically, thed hTUT peptide is selected from the group of consisting of SEQ-ID-NO. 3, 
SEQIDNO 4 SEQ.ID.N0.17, SEQ.ID.N0.18, SEQ.ID.N0.19. SEQ.ID.NO.20. 
SEq'id'n0.21, ' SEQ.ID.N0.22, SEQ.ID.N0.23, SEQ.ID.N0.24, SEQ.ID.N0.25, 
SEq'.IDN0.26. SEQ.ID.N0.27. SEQ.ID.N0.59, SEQ.ID.N0.62,SEQ.ID.N0.77. 
SBQ.ID.N0.89, SEQ.ID.NO.90, SEQ.ID.N0.91, SEQ.ID.N0.92. SEQ.ID.N0.93 and 
SEQ.ID.N0.94. 

[00191 Another embodiment of the present invention is a method of treating a 
hjperproliferative disease comprising administering to a subject a hTRT specific peptide with a 
phannaceutical acceptable carrier, wherein said peptide binds to a MHC-I and MHC-H receptor. 
Specifically, the hTRT peptide is selected from the group of consisting of SEQ.ID.NO. 3, 
SEQIDNO 4, SEQ.ID.N0.17, SEQ.ID.N0.18, SEQ.ID.N0.19, SEQ.ID.NO.20, 
SEQIDN0.21, SEQ.ID.N0.22, SEQ.ID.N0.23, SEQ.ID.N0.24, SEQ.ID.N0.25, 
SEQ id no 26, SEQ.1D.N0.27. SEQ.ID.N0.59. SEQ.ID.N0.62,SEQ.ID.N0.77. 
SEQ.ID.N0.89, SEQ.ID.NO.90. SEQ.ID.N0.91. SEQ.ID.N0.92. SEQ.ID.N0.93 and 
SEQ.ID.N0.94. 

[00201 Still fiirther, a method of the present invention is a method of treating a 
hyperproUferative disease comprising the step of administering to a subject an expression vector, 
transformed cell and/or cell lysate of the transformed cell of the present invention. 

[00211 The foregoing has outlined rather broadly the features and technical 
advantages of tiie present invention in order that the detailed description of the invention that 
follows may be better understood. Additional features and advantages of the invention will be 
described hereinafter which form tiie subject of the claims of the inventioa It should be 
appreciated by those skilled in the art that tiie conception and specific embodiment disclosed 
maybe readily utiUzed as abasis for modifying or designing oihec structiures for carrying out the 
same purposes of tiie present invention. It should also be realized by those skilled in the art that 
such equivalent constructions do not depart from the spirit and scope of the invention as set forth 
in file appended claims. The novel features which are beUeved to be characteristic of the 
invention, botii as to its organization and metiiod of operation, together with fiuiher objects and 
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advantages wiU be better understood from the Mowing description when considered in 
connection with the accompanymg figures. It is to be expressly understood, however, lhat each 
of the figures is provided for the purpose of illustration and description only and is not intended 
as a definition of the limits of the present invention. 

BRIEF SUMMARY OF THE DRAWINGS 

[0022] For a more complete understanding of the present invention, reference is 
now made to the following descriptions taken in conjunction with the accompanying drawings. 

[0023] FIG. 1 shows in vitro priming of naive human CD4+ T-cells by transduced 

DC. 

[0024] FIG. 2A - FIG. 2C show the identification of hTRT as a class E-restricted 
tumor antigen. FIG. 2A shows the identification of positive clones from tiimor retrogen library. 
YIG. 2B shows the antibody blocking experiment. FIG. 2C shows the amino acid sequences of 
clones 8 (SEQ.ID.NO. 3) and 35 (SEQ.ID.NO. 4) . Amino acid sequences translated from the 
DNA sequences of positive clones 8 and 35, with hTRT aUgmnent (SEQ.ID.N0.81), are shown. 
The MHC class E-reslricted epitopes in clones 8 and 35 that were positively identified later are 
underlined. 

[0025] FIG. 3A - FIG. 3L show the identification of class H-restricted epitopes in 
hTRT. FIG. 3A shows the proliferative T-cell responses to hTRT-derived peptide T573 donor 
B-16. FIG. 3B shows the proliferative T-cell responses to hTRT-derived peptide T573 donor B- 
22. FIG. 3C shows the proliferative T-cell responses to hTRT-derived peptide T672 donor B-22. 
FIG. 3D shows the proUferative T-cell responses to hTRT-derived peptide T672 donor B-24. 
FIG. 3E shows the proliferative T-cell responses to hTRT-derived peptide T672 donor B-05. 
FIG. 3F shows the proliferative T-cell responses to hTRT-derived peptide T880 donor B-05. 
FIG. 3G shows the proUferative T-cell responses to hTRT-derived peptide T880 donor B-14. 
FIG. 3H shows tiie proliferative T-ceU responses to hTRT-derived peptide T880 donor B-15. 
nG. 31 shows tiie proliferative T-cell responses to hTRT-derived peptide T916 donor B-24. 
FIG. 3J shows the proliferative T-cell responses to hTRT-derived peptide T916 donor B-22. 
FIG. 3K shows the proliferative T-cell responses to hTRT-derived peptide T916 donor B-15. 
FIG. 3L shows the proliferative T-cell responses to hTRT-derived peptide T916 donor B-05. 
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[00261 FIG 4A and FIG. 4B show l^H]-thymidine incorporations of the primed T- 
ceUs were measured after re-stimulation with autologous PBMCs wi^ (blade bar) or w.^o^ 
(white bar) corresponding peptides. FIG 4B shows the generation of T-cell clones. FIG. 4C 
shows the specificity of T-cell responses. 

[00271 FIG. 5 shows the specificity of T-cell responses for the hmT672-positive 

T-cell line. 

im«i FIG. 6 shows specificity of T^ceU r«spomcs for the hTOT631-posihvc 

T-cell line. 

[0029] no. 7 shows the peptide titration of T-cell responses for hTRT916 and 
hTRT672 CD4+ T-cell clones. 

[0030] FIG 8 shows the peptide titration of T-ceU responses for hTRT631 CD4+ 
T-cell clones. 

[0031] FIG. 9A and FIG. 9B show the flow cytometric assay of T-ceU clones. 

[0032] FIG. 10 shows the T-cell response to natively processed hTRT672. 

[0033] FIG. 11 A and FIG. IIB show the CD4+ T-cell responses to different 

tumors. 

[0034] FIG. 12A - FIG. 12J show the proliferative T-cell responses to hTRT- 
derived peptides. FIG. 12A shows the T-cell response for hTRT631. FIG. 12B shows the T-cell 
response for hTRT706. FIG 12C shows the T-cell response for hTRT854. FIG. 12D shows the 
T-cell response for hTRT894. FIG. 12E shows the T-cell response for hTRT930. FIG. 12F 
shows the T-ceU response for hTRT951. FIG 12G shows the T-cell response for hTRT766. 
HG. 12H shows the T-ceU response for hTRT787. FIG. 121 shows the T-cell response for 
hTRTSOS. FIG. 12J shows the T-cell response for hTRT971. 

[0035] FIG. 13A - FIG. 13F show the specificity and MHC-restriction of T-cell 
responses. FIG. 13A shows the response for hTRT631. FIG. 13B shows the response for 
hTRT706. FIG. 13C shows the response for hTRT766. FIG. 13D shows the response for 
hTRT787. HG. 13E shows the response for hTRTSOS. FIG. 13F shows the response for 
hTRT894. 
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[00361 FIG. 14A - FIG. 14F shows llie FACS analysis of T-ceU clones. FIG. 14A 
shows FACS analysis for hTRT631. FIG 14B shows FACS analysis for hTRT706. FIG 14C 
shows FACS analysis for hlRTVee. FIG 14D shows FACS analysis for hTRT787. FIG. 14E 
shows FACS analysis for hlRTSOS. FIG UF shows FACS analysis for hTRT894. 

[0037] FIG. 15A - FIG. 15F shows the peptide titration experiments. FIG. 15A 
shows the peptide concentration for hTRT631. HG. 15B shows peptide concentration for 
hTRT706. FIG. 15C shows peptide concentration for hTRT766. FIG 154D shows peptide 
concentration for hTRT787. FIG 15E shows peptide concentration for hTRT805. FIG. 15F 
shows peptide concentration for hTRT894. 

[0038] FIG. 16 shows analysis of recombinant hTRT protein. 

[0039] FIG 17 shows tesponses of T-cell clone hTRT766 to natively processed 
hTRT protein. 

[0040] FIG. ISA and FIG. 18B show the presentation of of hTRT peptides. FIG. 
18A shows the presentation of h'mT672 by different HLA-DR alleles. FIG 18B shows the 
presentation of liTRT766 by different HLA-DR alleles. 

[0041] FIG. 19 shows the peptide-specific Th response induced by inmiiinization 
wi1hhTRT766. 

[0042] FIG 20 shows the Th responses to antigenic peptides derived from hTRT 
proteins and hTRT-positive tumor lysates. 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] It is readily apparent to one skilled in the art tiiat various embodiments and 
modifications can be made to the invention disclosed in tiiis Application without departing from 
the scope and spirit of the mvention. 

[0044] As used herein, the use of tiie word "a" or "an" when used in conjunction 
witii the term "comprising" in the claims and/or the specification may mean "one," but it is also 
consistent witii the meanmg of "one or more," "at least one," and "one or more than one." 
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,00451 Tl»tenn"antibody»a>i«dlieidn.refeto=»iinmm»gl»>>*»°'«^^^ 
which U able .0 specificaUy bi«d «> a specific epiu^e on an ».tigen. AnHbodies can be intact 
in„„unoglob*s derived ftom nataral .onrces or from recombinant sources and can be 
immnnoacdve porho,« of intact innnunoglobulin. Antibodies are .^.icUy of 
tanr^oglobulin molecules. Tte anSbodies in *e present invention erists in a varrety of fonns 
inclnding. for example, polyclonal antibodies, monoclonal antibodies, Fv, Fab atd F(abfe as 
„.n as single chain anffl,odies ^d h— d -bodies (Hariow e, al. 1988; Houston et al.. 
1988;Biidefa/., 1988). 

[0046] The tenn "antigen" as herein is defined as a molecule that provokes an 
ta^une response. Hus immune response can involve either antibody production, or the 
activation of specific inununologicaUy-competent cells, or both. An antigen canbe denved fi^m 
organisms, subunits of proteins/antigens, killed or inactivated whole cells or lysates. Exemplary 
organisms include but are not limited to, Helicobacters, Campylobacters. Clostndia, 
Corynebactenum dipmeriae, Bordetella pertussis, influenza virus, parainfluenza vnruses. 
respiratory syncytial virus. Borrelia hur^dorfei, Plasmodium, herpes simplex viruses, human 
nnmunodeficiency virus, p^illomavirus. V^o cUolera, E. coli, measles virus, rotavirus, 
shigella. Salmonella typhi. Neisseria gonorrUea. THerefore, a skilled artisan realizes that any 
macromolecule, including virtually all proteins or peptides, can serve as antigens. Furthermore, 
antigens can be derived from recombinant or genomic DNA. A skiUed artisan realizes that ^y 
DNA which contains nucleotide sequences or partial nucleotide sequences of a pathogemc 
genome or a gene or a fragment of a gene for aprotein that eUcits an immmre response results m 
sj^thesis of an antigen. Furfliermore. one skilled in the art realizes that the present invention is 
not limited to the use of the entire polynucleotide sequence of a gene or genome. It is readily 
inherent that the present invention includes, but is not limited to. the use of partial polymicleotide 
sequences of more than one gene or genome and that these polynucleotide sequences are 
arranged in various combinations to elicit the desired immmie response. 

[0047] As used herem, the term "cDNA" is intended to refer to DNA prepared 
using messenger RNA (mRNA) as template. The advantage of using a cDNA. as opposed to 
genomic DNA or DNA polymerized from a genomic, non- or partially-processed RNA template, 
is that the cDNA primarily contains coding sequences of the corresponding protein. There are 
times when the fiiU or partial genomic sequence is preferred, such as where the non-coding 



wo 03/038047 PCT/US02/34588 

11 

regions are required for optimal expression or where non-coding regions such as introns are to be 
targeted in an antisense strategy. 

[00481 The term "ceU binding element" as used herein is defined as a portion of a 
protein, which is capable of binding to a receptor on a cell membrane. 

[00491 The term "DNA" as used herein is defined as deoxyribonucleic acid. 

[00501 The term "dendritic ceU" or "DC" as used herein is defined as an example 
of an antigen presenting cell derived from bone marrow. Dendritic cells have a branched or 
dendritic morphology and are the most potent stunulations of T-ceU response. 

[00511 The teim "dendritic cell receptor" as used herein is defined as a ceU surfece 
protein on a dendritic cell that recognize and bind specific proteins, for example intracellular 
adhesion molecules (ICAM). One specific ICAM is ICAM-3. 

[00521 The term "epitope" as used haein is defmed as small chemical groups on 
the antigen molecule that can eUcit and react with an antibody. An antigen can have one or more 
epitopes. Most antigens have many epitopes; Le., they are multivalent. In general, an epitope is 
about 5 amino acids or sugars in size. One skilled in the art understands that generally the 
overall three-dimensional structure, rather than the specific linear sequence of the molecule, is 
the main criterion of antigenic specificity. 

[00531 The term "expression construct" or "transgene" as used herein is defined as 
any type of genetic construct containing a nucleic acid coding for gene products m which part or 
all of the nucleic acid encoding sequence is capable of being transcribed can be inserted into the 
vector. The transcript is translated mto a protein, but it need not be. Li certain embodiments, 
expression includes both transcription of a gene and translation of mRNA into a gene product 
In other embodiments, expression only includes transcription of the nucleic acid encoding genes 
of interest. In the present invention, the temi "therapeutic construct" can also be used to refer to 
the expression construct or transgene. One skilled in the art realizes that the present invention 
utihzes the expression construct or transgene as a therapy to treat hyperproliferative diseases. 

[00541 The term "expression vector" as used herein refers to a vector containing a 
nucleic acid sequence coding for at least part of a gene product capable of being transcribed. In 
some cases, RNA molecules are then translated into a protem, polypeptide, or peptide. In other 



cases 
or 
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... these sequences aie not translated, for example, in the production of antisense molecules 
ribozymes. Expression vectors can contain a variety of control sequences, which refer to 
nucleic acid sequences necessary for the transcription and possibly translation of an operatively 
linked coding sequence in a particular host organism. In addition to control sequences tiiat 
govern transcription and translation, vectors and expression vectors can contain nucleic acid 
sequences that serve other functions as well and are described infra. 

[0055] The term "gene" as used herein is defined as a functional protein, 
polypeptide, or peptide-encoding unit. As will be understood by those in the art, this functional 
temi includes genomic sequences, cDNA sequences, and smaller engmeered gene segments that 
express, or is adapted to express, proteins, polypeptides, domains, peptides, fusion proteins, and 
mutants. 

[0056] The term "helper T-cell" as used herein is defined as effector T-cells whose 
primary function is to promote the activation and functions of other B and T lymphocytes and of 
macrophages. Most are CD4 T-cells. 

[0057] The term "heterologous" as used herein is defined as DNA or RNA 
sequences or proteins tiiat are derived fsom the different species. 

[0058] The term "homologous" as used herein is defined as DNA or RNA 
sequences or proteins tiiat are derived from the same species. 

[0059] The term "hyperproliferative disease" as used herein refers to any disease or 
disorder in which the cells proUferate more rapidly than normal tissue growth. Thus, a 
hyperproliferatmg cell is a cell tiiat is proliferating more rapidly tiian normal cells. 
HypetproUferative disease is further defined as cancer. The hyperproUferation of cells results in 
unregulated growtii, lack of dififerentiation, local tissue invasion, and metastasis. Exemplary 
hyperproUfeiative diseases include, but are not limited to cancer or immune-mediated diseases. 

[0060] The term "immune-mediated disease" as used herein refers to chronic 
inflammatory diseases perpetuated by antibodies and cellular immunity. Immune-mediated 
diseases mclude, for example, but not Umited to. arthritis {e.g., rheumatoid arthritis and psoriatic 
arthritis), inflammatory bowel diseases {e.g.. ulcerative coUtis and Crohn's disease), 
endocrinopathies ie.g.. type 1 diabetes and Graves disease), neurodegenerative diseases {e.g.. 
multiple sclerosis), vascular diseases {e.g.. autoimmune hearing loss, systemic vascuUtis, and 
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atherosclerosis), and skin diseases (eg., dennatomyositis, systemic lupus erthematosus. discoid 
lupus erthematosus, scleroderma, and vasculitics). 

[00611 The term "major histocompatibility complex," or "MHC," as used herein is 
defined as a specific cluster of genes, many of which encode evolutionarily related cell surface 
protems involved in antigen presentation, which are among the most important determinants of 
histocompatibiUty. MHC Class I. or MHC-I. functions mainly in antigen presentation to CD8+T 
lymphocytes. MHC Class E. or MHC-H. functions mainly in antigen presentation to CD4+T 
lymphocytes. 

[00621 The term "polynucleotide" as used herein is defined as a chain of 
nucleotides. Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic adds and 
polynucleotides as used herein are interchangeable. One skilled in the art has the general 
knowledge that nucleic acids are polynucleotides, which can be hydrolyzed into the monomeric 
"nucleotides." The monomeric nucleotides can be hydrolyzed into nucleosides. As used herein 
polynucleotides include, but are not limited to, aU nucleic acid sequences which are obtained by 
any means available in the art, including, without limitation, recombinant means, le.. the cloning 
of nucleic acid sequences firom a recombinant library or a cell genome, using ordinary cloning 
technology and PGR™, and the like, and by synthetic means. Furthermore, one skilled in the art 
is cognizant that polynucleotides include with mutations of the polynucleotides, including but 
not hmited to, mutation of the nucleotides, or nucleosides by methods well known in the art. 

[0063] The term "polypeptide" as used herein is defined as a chain of amino acid 
residues, usually having a defined sequence. As used herein the term polypeptide includes both 
"peptides" and "proteins". 

(00641 The term "promoter" as used herein is defined as a DNA sequence 
recognized by the synthetic machinery of the cell, or introduced synthetic machinery, required to 
initiate the specific transcription of a polynucleotide sequence, 

[00651 The term "retrogen" as used herein, means a polypeptide having an epitope 
that is capable of eUcitmg an immune response in a mammal when expressed and processed as 
described herein. 

[0066] The term "reteogen expression vector" as used herein refers to the 
expression vector comprising at least a polynucleotide sequence encoding a signal sequence, a 
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polynucleotide sequence encoding an antigen and a polynucleotide sequence encoding a ceU 
binding element. It is also contemplated that the retiogen expression vector can include a 
polynucleotide sequence encoding a dendritic cell receptor. 

[00671 The term "RNA" as used herein is defined as ribonucleic acid. The term 
"recombinant DNA" as used herein is defined as DNA produced by joming pieces of DNA &om 
differait sources. 

[0068] The term "recombinant polypeptide" as used herein is defined as a hybrid 
protem produced by using recombinant DNA methods. 

10069] The term "subject" as used herein, is taken to mean any mammaUan subject. 
In a specific embodiment, the methods of the present invention are employed to treat a human 
subject. Another embodiment includes treating a human subject suffering from a 
hyperproliferative disease. 

[0070] The term "T-cell" as used herein is defined as a thymus-derived cell that 
participates in a variety of ceU-mediated immune reactions. 

[0071] The term "transfected" or "transformed" or "transduced" as used herein 
refers to a process by which exogenous nucleic acid are transferred or introduced into the host 
cell. A transformed cell includes the primary subject cell and its progeny. 

[0072] The phrase "under transcriptional control" or "operatively linked" as used 
herein means that the promoter is in the correct location and orientation in relation to the 
polynucleotides to control RNA polymerase initiation and expression of the polynucleotides. 

[00731 The present invention conq)rises polynucleotide and amino acid sequences 
of human telomerase reverse transcriptase MHC-I and MHC-H restiicted epitopes. These 
epitopes were identified using a retrogen strategy. Yet fiuther, the present invention 
contemplates tiie treatment of hyperproliferative diseases. The treatment of such a 
hyperproliferative disease involves the administration of the polynucleotide and/or amino acid 
sequences of the present invention. It is contemplated that tiie polynucleotide sequences of the 
present invention are inserted into an expression vector, which is administered to a subject. Yet 
further, the expression vector is tiansduced into antigen presentmg or tumor cells, which are then 
administered to a subject It is also contemplated that the amino acid sequences of the present 
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invention can be administered to the subject or pulsed into antigen presenting cells or tumor 
cells. 



I. hTRT Peptides 

[00741 Isolated amino acid sequences for human telomerase reverse transcriptase 

(hTRT) MHC-I and MHC-II restricted epitopes are provided in SEQ.1D.N0.3 and 

SEQ.ID.N0.4. In addition to the entire sequences provided in SEQ.ID.N0.3 and SEQ.ID.N0.4, 

the present invention also relates to fragments or variants of the amino acid sequences. 

Fragments of SEQ.IDJ^O.3 and/or SEQ.ID.N0.4 include, but are not limited to 

LHWLMSVYWELLRS (SEQ.IDJJ0.17), LFFiHRKSVWSKLQSI (SEQ.ID.N0.18). 

TSRLRFIPKPDGLRP (SEQ.ID.N0.19), RPGLLGASVLGLDDI (SEQ.ID.NO.20), 

FAGIRRDGLLLRLVD (SEQ.ID.N0.21). YGCWNLRKTWNFP (SEQ.ID.N0.22), 

GTAFVQMPAHGLFPW (SEQ.ID.N0.23), WCGLLLDTRTLEVQS (SEQ.ID.N0.24), 

AKTFLRTLVRGVPEY (SEQ.ID.N0.25), RPIVNMDYWGARTFRREKR (SEQ.ID.N0.26). 

LYFVKVDVTGAYDT (SEQ.ID.N0.27), CHSLFLDLQVNSLQT (SEQ.ID.N0.28), 



AKFLHWLMSVYWEL 

MSVYWELLRSFFYV 

VELXRSFFYVTETTF 

KNRLFFYRKSVWSKL 

WSKLQSIGIRQHLKR 

SIGIRQHLKRVQLRE 

RPALLTSRLRFIPKP 

LRPIVNMDYWGART 

NMDYWGARTFRREK 

AERLTSRVKALFSVL 

LFSVLNYERARRPGL 

HRAWRTFVLRVRAQD 

VLRVRAQDPPPELYF 



(SEQ.ID.N0.29), 
(SEQ.ID.N0.31), 
(SEQ.ID.N0.33), 

(SEQ.ID.N0.35), 
(SEQ.ID.N0.37), 
(SEQ.ID.N0.39), 
(SEQ.ID.N0.41), 

(SEQ.ID.N0.43), 

(SEQ.ID.N0.45), 
(SEQ.ID.N0.47), 
(SEQ.ID.N0.49), 

(SBQ.ID.N0.51), 
(SEQ.ID.N0.53), 



LMSVYWELLRSFFY 
YWELLRSFFYVTET 

SFFYVTETTFQEaSIRL 

KSVWSKLQSIGIRQH 

QSIGIRQHLKRVQLR 

RQHLKRVQLRELSEA 
PDGLRPIVNMDYWG 

RPIVISIMDYWGARTF 
ARTFRREKRAERLTS 

VKALFSVLNYERARR 

ASVLGLDDIHRAWRT 
WRTFVLRVRAQDPPP 

ELYFVKVDVTGAYDT 



(SEQ.ID.NO.30), 
(SEQ.ID.N0.32), 
(SEQ.ID.N0.34), 
(SEQ.ID.N0.36), 
(SEQ.ID.N0.38), 
(SEQ.ID.NO.40), 
(SEQ.ID.N0.42), 
(SBQ.E).N0.44), 
(SEQ.ID.N0.46), 
(SEQ.ID.n6.48), 
(SEQ.E>.N0.50), 
(SEQ.E).N0.52), 
(SEQ.E).N0.54), 



TYCVRRYAWQKAAH (SEQ.ID.N0.55), VRRYAVVQKAAHGHV (SEQ.ID.N0.56), 

HGHVRKAFKSHVSTL (SEQ.ID.N0.57), RKAFKSHVSTLTDLQ (SEQ.ID.N0.58), 

LTDLQPYMRQFVAHL (SEQ.ID.N0.59), QPYMRQFVAHLQETS (SEQ.ID.NO.60), 

TSPLRDAWEEQSSS (SEQ.ID.N0.61), RDAWIEQSSSLNEA (SEQ.K).N0.62), 

SGLFDVFLRFMCHHA (SEQ.ID.N0.63), LFDVFLRFMCHHAVR (SEQ.ID.N0.64), 

FDVFLRFMCHEIAVRIRGK (SEQ.IDJ^O.65), HHAVRIRGKSYVQCQ (SEQ.ID.N0.66), 
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GKSYVQCQGPQGSI (SEQ.ID.N0.67), RDGLLLRLVDDFLLVTP (SEQ.ID.N0.68). 
DFLLVTPHLTHAKTFLRTLV (SEQ.ID.N0.69), KTFLRTLVRGVPEYG (SEQ.ID.NO.70). 
AHGLFPWCGLLLDTRTI.EVQ (SEQ.ID.N0.71), MVQSDYSSYARTSIRAS 
(SEQ.ID.N0.72), QSDYSSYARTSIRAS (SEQ.ID.N0.73), RTSIRASLTFNRGFKAGRNM 
(SEQ.ID.N0.74), RRKLFGVLRLKCHSLFLD (SEQ.ID.N0.75), 

HSLFLDLQVNSLQTVCTOIY (SEQ.ID.N0.76). RTSIRASLTFNRGFK (SEQ.ID.N0.77), 
RRKLFGVLRLKCHSLFLDLQ (SEQ.ID.NO.80), LMSVYWEL (SEQ.ID.N0.82). 
YMRQFVAHL (SEQ.ID.Na83), LLLRLVDDF (SEQ.ID.N0.84), FLRTLVRGV 
(SEQ.ID.N0.85). GLLLDTRTLEV (SEQ.ID.Na86), ASLTFNRGF (SEQ.ID.N0.87), and 
FLDLQVNSL (SEQ.ID.N0.88). LYFVKVDVTGAYDTI (SEQ.ID.N0.89, hTRT706), 
LFDVFLRFMCHHAVRIRGK (SEQ.ID.NO.90. hTRT805), FAGIRRDGLLLRLVD 
(SEQ.ID.N0.91. hTRT854). WCGLUDmTLEVQS (SEQ.ID.N0.92, hTRI^SO). 
RTSIRASLTFNRGFK (SEQ.ID.N0.93, hTRT951), and RRKLFGVLRLKCHSLFLDL 
(SEQ.ID.N0.94, hTRT971). 

A. Variants of hXRT 

[0075] Amino acid sequence variants of the hTRT polypeptides can be substitutional, 

insertional or deletion variants. Deletion variants lack one or more residues of the native protein 

which are not essential for function or immunogenic activity, and are exemplified by the variants 

lacking a transmembrane sequence described above. Another common type of deletion variant is 

one lacking secretory signal sequences or signal sequences directing a protein to bind to a particular 

part of a ceU. Insertional mutants typically involve the addition of material at a non-terminal point 

in the polypeptide. This can include Ihe insertion of an immunoreactive epitope or simply a single 

residue. Terminal additions, called fusion proteins, are discussed below. 

[0076] Substitutional variants typically contain the exchange of one amino acid for 
another at one or more sites within the protein, and are designed to modulate one or more properties 
of the polypeptide, such as stabiUty against proteolytic cleavage, without the loss of other functions 
or properties. Substitutions of this kind preferably are conservative, that is, one amino acid is 
replaced with one of similar shape and charge. Conservative substitutions are weU known in the art 
and include, for example, the changes of: alanine to serine; arginine to lysine; asparagine to 
glutamine or histidine; aspartate to glutamate; cysteine to serine; glutamine to asparagine; glutamate 
to aspartate; glycine to proline; histidine to asparagine or glutamine; isoleucine to leucine or valine; 
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leucine to valine or isoleucine; lysine to arginine; methionine to leucine or isoleucine; phenylalanine 
to tyrosine, leucine or mettiionine; serine to threonine; threonine to serine; tryptophan to tyrosine; 
tyrosme to tryptophan or phenylalanine; and valine to isoleucine or leucine. 

[0077] The following is a discussion based upon changing of the amino acids of a 
protein to create an equivalent, or even an improved, second-generation molecule. For example, 
certain amino acids are substituted for other amino acids in a protein structure witiiout appreciable 
loss of interactive binding edacity with structures such as, for example, antigen-binding regions of 
antibodies or binding sites on substrate molecules. Since it is the interactive capacity and nature of a 
protein that defines that protein's biological fiuictional activity, certain amino acid substitutions can 
be made in a protein sequence, and its underlying DNA coding sequence, and nevertheless obtain a 
protein with like properties. It is thus contemplated by the inventors that various changes are made 
in the DNA sequences of genes without appreciable loss of their biological utiUty or activity, as 
discussed below. 

[00781 In makmg such changes, the hydropathic index of amino acids are considered. 
The importance of ttie hydropathic amino acid index in confening interactive biologic function on a 
protein is generally understood in the art (Kyte and DooUttle, 1982). It is accepted that the relative 
hydropathic character of the amino acid contributes to the secondary structure of the resultant 
protein, which in turn defines the interaction of the protein with other molecules, for example, 
enzymes, substrates, rec^tors, DNA, antibodies, antigens, and the like. 

[0079] Each amino acid has been assigned a hydropathic index on the basis of their 
hydrophobicity and charge characteristics (Kyte and Doolittle, 1982), these are: isoleucine 
(+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteme/cystine (+2.5); methionine 
(+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (- 
1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3,5); aspartate (-3.5); 
asparagine (-3.5); lysine (-3.9); and arginine (-4.5). 

[0080] It is known in the art that certain amino acids are substituted by other amino 
acids having a similar hydropathic index or score and still result in a protein with similar 
biological activity, i.e., still obtain a biological ftmctionally equivalent protein, hi making such 
changes, the substitution of amino acids whose hydropathic indices are within ±2 is preferred, 
tiiose that are within ±1 are particularly preferred, and those within ±0.5 are even more 
particularly preferred. 
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[00811 It is also understood in the art that the substitutions of like amino acids can 
be made effectively on the basis of hydiophilicity. U.S. Patent 4.554,101, incorporated herein by 
reference, states that the greatest local average hydrophilicity of a protein, as governed by the 
hydrophiUcity of its adjacent amino acids, correlates with a biological property of the protein. 
As detailed in U.S. Patent 4,554,101, the following hydrophiUcity values have been assigned to 
amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 ± 1); glutamate (+3.0 ± 1); 
serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5 ± 
1); alanine (-0.5); histidine *-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8); 
isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 

[0082] It is understood that an amino acid can be substituted for another having a 
similar hydrophilicity value and still obtain a biologically equivalent and immunologically 
equivalent protein. In such changes, the substitution of amino acids whose hydrophilicity values 
are within ±2 is preferred, those that are within ±1 are particularly preferred, and those within 
±0.5 are even more particularly preferred. 

[0083] As outUned above, amino acid substitutions are generally based on the 
relative similarity of the amino acid side-chain substituents, for example, their hydrophobicity, 
hydrophilicity, charge, size, and die Uke. Exemplary substitutions that take several of the 
foregoing characteristics mto consideration are weU known to those of skill in tiie art and 
include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamine and 
asparagine; and valine, leucine and isoleucine. 

[0084] Another embodiment for the preparation of polypeptides according to the 
invention is the use of peptide mimetics. Mimetics are peptide-containing molecules that mimic 
elements of protein secondary stincture (Johnson et al. 1993). The underlying rationale behind tiie 
use of peptide mimetics is that tiie peptide backbone of proteins exists chiefly to orient amino acid 
side chains in such a way as to facilitate molecular interactions, such as tiiose of antibody and 
antigea. A peptide mimetic is expected to permit molecular intKactions similar to the natural 
molecule. These principles are used, in conjunction witii the principles outUne above, to engineer 
second gaieration molecules having many of die natijral properties of hTRT proteins, but witii 
altered and even improved characteristics. 
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B. Domain Switching 

[0085] Domain switching involves the generation of chimeric molecules using 

different but, in this case, related polypeptides. By comparing various hTRT proteins, one can 
make predictions as to the functionally significant regions of these molecules. It is possible, 
then, to switch related domains of these molecules in an effort to determine the criticality of 
these regions to hTRT function. Tliese molecules can have additional value in that these 
"chimeras" can be distinguished from natural molecules, while possibly providing the same 
function- 

C. Fusion Proteins 

[00861 A specialized kind of insertional variant is the fusion protein. This molecule 

generally has all or a substantial portion of flie native molecule, linked at the N- or C-terminus, to all 
or a portion of a second polypeptide. For example, fusions typically employ leader sequences from 
other species to permit the recombinant expression of a protein in a heterologous host. Another 
useful fiision includes the addition of an immunologically active domain, such as an antibody 
epitope, to faciUtate purification of the fusion protein. Inclusion of a cleavage site at or near the 
fiision junction will facilitate removal of the extraneous polypeptide after purification. Other useful 
fusions include linkittg of functional domains, such as active sites from enzymes, glycosylation 
domains, cellular targeting signals or transmembrane regions. 

Purification of Proteins 

[00871 It is desirable to purify hTRT polypeptides, proteins or variants thereof. 

Protein purification techniques are well known to those of skill in the art. These techniques 

involve, at one level, the crude fractionation of the cellular milieu to polypeptide and non- 

polypeptide fractions. Having separated the polypeptide from other proteins, the polypeptide of 

interest is further purified using chromatographic and electrophoretic techniques to achieve 

partial or complete purification (or purification to homogeneity). Analytical methods 

particularly suited to the preparation of a pure peptide are ion-exchange chromatography, 

exclusion chromatography, polyacrylamide gel electrophoresis; isoelectric focusing. A 

particularly efficient method of purifyiag peptides is fast protein liquid chromatography or even 

HPLC. 

[0088] There is no general requirement that the protein or peptide always be 
provided in their most purified state, hideed, it is contemplated that less substantially purified 
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products will have utiUty in certain embodiments. Partial purification is accomplished by using 
fewer purification steps in combination, or by utilizing different forms of Ihe same general 
purification scheme. For example, it is appreciated that a cation-exchange column 
chromatography performed utilizing an HPLC apparatus wiU generaUy result in a greater "-fold" 
purification than the same technique utilizmg a low pressure chromatography system. Methods 
exhibiting a lower degree of relative purification can have advantages in total recovery of protein 
product, or in maintaining the activity of an expressed protein. 

E. Synthetic Peptides 

[0089] The polypeptides of the invention can also be synthesized m solution or on 

a solid support in accordance witii conventional techniques. Various automatic synthesizers are 
commercially available and can be used in accordance witii known protocols. See, for example, 
Stewart and Young (1984); Tarn et al. (1983); Merrifield (1986); and Barany and Merrifield 
(1979), each incorporated herem by reference. Alternatively, recombinant DNA technology is 
employed wherein a nucleotide sequence which encodes a peptide of the invention is inserted 
into an expression vector, transformed or transfected into an appropriate host cell and cultivated 
under conditions suitable for expression. 

F. Antigen Compositions 

[00901 The present invention also provides for the use of hTRT proteins or 

polypeptides as antigens for tiie immunization of animals relatmg to the production of antibodies. 
It is envisioned that hTRT or portions thereof, will be coupled, bonded, bound, conjugated or 
chemically-lmked to one or more agents via linkers, polylinkers or derivatized amino acids. This 
is performed such tiiat a bispecific or multivalent composition or vaccine is produced. It is 
further envisioned that the methods used in the prq)aration of these compositions will be famihar 
to those of skiU in tiie art and should be suitable for administiation to animals, i.e., 
pharmaceutically acceptable. Preferred agents are tiie carriers are keyhole limpet hemocyannin 
(KLH) or bovine serum albumin (BSA). 



G. Antibody Production 

[0091] In certain embodiments, the present invention provides antibodies that bind 

witii high specificity to tiie hTRT polypeptides provided herein. 
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[0092] Monoclonal antibodies (MAbs) are recognized to have certain advantages, 
e-g., reproducibility and large-scale production, and their use are generally preferred. The 
invention thus provides monoclonal antibodies of the human, murine, monkey, rat, hamster, 
rabbit and even chicken origin. Due to the ease of preparation and ready availabihty of reagents, 
murine monoclonal antibodies will often be preferred. 

[0093] However, humanized antibodies are also contemplated, as are chimeric 
antibodies from mouse, rat, or other species, bearing human constant and/or variable region 
domains, bispecific antibodies, recombinant and engineered antibodies and fragments thereof. 

[0094] Polyclonal antibodies are prepared by immunizing an animal with an 
immunogenic hTRT composition in accordance with the present invention and collecting 
antisera from that immunized animal. 

[0095] A wide range of animal species can be used for the production of antisera. 
Typically the animal used for production of antisera is a rabbit, a mouse, a rat, a hamster, a 
gumea pig or a goat Because of the relatively large blood volume of rabbits, a rabbit is a 
preferred choice for production of polyclonal antibodies. 

[0096] As is well known in the art, a given composition can vary in its 
immunogenicity. It is often necessary therefore to boost the host immune system, as is achieved 
by coupling a peptide or polypeptide immunogen to a carrier. Exemplary and preferred carriers 
are keyhole limpet hemocyanin (KLET) and bovine serum albumin (BSA). Other albumins such 
as ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers. 
Means for conjugating a polypeptide to a carrier protein are well known in the art and include 
glutaraldehyde, m-maleimidobenzoyl-N-hydroxysuccinimide ester, carbodiimide and 
bis-biazotized benzidine. 

[0097] As is also well known in the art, the immunogenicity of a particular 
immimogen composition can be enhanced by the use of non-specific stimulators of the immune 
response, known as adjuvants. Suitable adjuvants include all acceptable umnunostimulatory 
compounds, such as cytokines, toxins or synthetic compositions. 

[0098] Adjuvants that are used include IL-1, IL-2, IL-4, IL-7, lL-12, y-interferon, 
GMCSP, BCG, aluminum hydroxide, MDP compounds, such as thur-MDP and nor-MDP, CGP 
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(MTP-PE), lipid A, and monophosphoryl lipid A (MPL). RIBI, which contains three 
components extracted from bacteria, MPL, trehalose dimycolate (TDM) and ceU wall skeleton 
(CWS) in a 2% squalene/Tween 80 emulsion is also contemplated. MHC antigens can even be 
used. Exemplary, often preferred adjuvants include complete Freund's adjuvant (a non-specific 
stimulator of the immune response containing killed Mycobacterium tuberculosis), incomplete 
Freund's adjuvants and aluminum hydroxide adjuvant. 

[00991 hi addition to adjuvants, it is desirable to co-administer biologic response 
modifiers (BRM), which have been shown to upregulate T cell immunity or downregulate 
suppressor cell activity. Such BRMs include, but are not Umited to, Cimetidine (CIM; 1200 
mg/d) (Smith/KUne, PA); low-dose Cyclophosphamide (CYP; 300 mg/m') (Johnson/ Mead, NJ). 
cytokines such as y-interferon, E.-2, or IL-12 or genes encoding proteins involved in immune 
helper fimctions, such as B-7. 

[0100] The amount of immunogen composition used in the production of 
polyclonal antibodies varies upon the nature of the immunogen as well as the animal used for 
immunization. A variety of routes can be used to administer the immunogen (subcutaneous, 
intramuscular, intradermal, intravenous and intraperitoneal). The production of polyclonal 
antibodies were monitored by sampfing blood of the immunized ammal at various points 
following immunization. 

[0101] A second, booster injection, is also given. The process of boosting and 
titering is repeated until a suitable titer is achieved. When a desired level of immunogenicity is 
obtained, the immunized animal can be bled and the serum isolated and stored, and/or the animal 
can be used to generate monoclonal antibodies. 

[0102] Monoclonal antibodies (MAb) are be readily prepared through use of 
well-known techniques, such as those exempUfied in U.S. Patent 4,196,265, incorporated herein 
by reference. Typically, this technique involves immunizing a suitable animal with a selected 
immunogen compositioiC e.g.. a purified or partially purified hTRT protein, polypeptide, peptide 
or domain, be it a wild-type or mutant composition. The immunizing composition is 
administared in a manner effective to stimulate antibody producing cells. 

[0103] Following immunization, somatic cells with the potential for producing 
antibodies, specifically B lymphocytes (B cells), are selected for use in the MAb generating 
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protocol. These cells are obtained from biopsied spleens, tonsils or lymph nodes, or from a 
peripheral blood sample. Spleen cells and peripheral blood cells are preferred, the foraier 
because they are a rich source of antibody-producing cells that are in the dividing plasmablast 
stage, and the latter because peripheral blood is easily accessible. 

[0104] The antibody-producing B lymphocytes from ttie immunized animal are 
then fused with cells of an unmortal myeloma cell, generally one of the same species as the 
animal that was immunized. Myeloma cell hnes suited for use in hybridoma-producing fusion 
procedures preferably are non-antibody-producing, have high fusion efficiency, and enzyme 
deficiencies that render then incapable of growing in certain selective media which support the 
growth of only the desired fused cells (hybridomas). 

[0105] Any one of a number of myeloma cells is used, as are known to those of 
skill in the art (Goding, pp. 65-66, 1986; Campbell, 1984). For example, where the immunized 
animal is a mouse, one can use P3-X63/Ag8, X63-Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, FO, 
NSO/U, MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0 Bui; for rats, one can use R210.RCY3, 
Y3-Ag 1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, LICR-L0N-HMy2 and UC729-6 
are all useful in connection witli human cell fusions. 

[0106] One preferred murine myeloma cell is the NS-1 myeloma cell line (also 
termed P3-NS-l-Ag4-l), which is readily available from the NIGMS Human Genetic Mutant 
Cell Repository by requesting cell line repository number GM3573. Another mouse myeloma 
cell hne that is used is the 8-azaguanine-resistant mouse miuine myeloma SP2/0 non-producer 
cell line. 

[0107] Methods for generating hybrids of antibody-producing spleen or lymph 
node cells and myeloma cells usually comprise mixing somatic cells with myeloma cells in a 2:1 
proportion, though the proportion can vary from about 20:1 to about 1:1, respectively, in the 
presence of an agent or agents (chemical or electrical) that promote the fusion of cell 
membranes. Fusion methods using Sendai virus are described by Kohler and Milstein (1975; 
1976), and those using polyethylene glycol (PEG), such as 37% (v/v) PEG, by Gefler et 
al, (1977). The use of electrically induced fusion methods is also appropriate (Goding pp. 
71-74, 1986). 
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[0108] Fusion procedures usuaUy produce viable hybrids at low frequencies, about 
1 X 10-<* to 1 X lO'l However, this does not pose a problem, as the viable, fused hybrids are 
differentiated from the parental, unfused cells (particularly the un&sed myeloma ceUs that would 
normally continue to divide indefinitely) by culturing in a selective medium. The selective 
medium is generaUy one that contains an agent that blocks the de novo synthesis of nucleotides 
in the tissue culture media. Exemplary and preferred agents are aminopterin, methotrexate, and 
azaserine. Aminopterin and methotrexate block de novo synthesis of both purines and 
pyrimidines. whereas azaserine blocks only purine synthesis. Where aminopterin or 
methotrexate is used, the media is supplemented with hypoxanthine and thymidine as a source of 
nucleotides (HAT medium). Where azaserine is used, the media is supplemented with 
hypoxanthine. 

[0109] The preferred selection medium is HAT. Only ceUs capable of operating 
nucleotide salvage pathways are able to survive in HAT medium. The myeloma ceUs are 
defective in key enzymes of the salvage pathway, e.g., hypoxanthine phosphoribosyl transferase 
(HPRT), and they cannot survive. The B cells can operate this pathway, but they have a limited 
Ufe span in culture and generally die withm about two weeks. Therefore, the only cells that can 
survive in the selective media are those hybrids formed from myeloma and B cells. 

[01101 This culturing provides a population of hybridomas from which specific 
hybridomas are selected. Typically, selection of hybridomas is performed by culturing the cells 
by single-clone dilution in microtiter plates, followed by testmg the individual clonal 
supematants (after about two to three weeks) for the desired reactivity. The assay should be 
sensitive, simple and rapid, such as radioimmunoassays, enzyme immunoassays, cytotoxicity 
assays, plaque assays, dot unmunobinding assays, and the Uke. 

[0111] The selected hybridomas would then be serially dUuted and cloned into 
individual antibody-producing cell hues, which clones can then be propagated indefinitely to 
provide MAbs. The cell hues are exploited for MAb production in two basic ways. First, a 
sample of the hybridoma can be injected (often into the peritoneal cavity) into a histocompatible 
animal of the type that was used to provide the somatic and myeloma cells for the original fusion 
(e.g.. a syngeneic mouse). Optionally, the animals are primed wifli a hydrocarbon, especially 
oils such as pristane (tetramethylpentadecane) prior to injection. The injected animal develops 
tumors secreting the specific monoclonal antibody produced by tiie fiised cell hybrid. The body 
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fluids of the anmal, such as serum or ascites fluid, can then be tapped to provide MAbs in high 
concentration. Second, the individual cell lines could be cultured in vitro, where the MAbs are 
naturally secreted into the culture medium from which they can be readily obtained in high 
concentrations, 

[0112] MAbs produced by either means are further purified, if desired, using 
filtration, centrifiigation and various chromatographic methods such as HPLC or afifinity 
chromatography. Fragments of the monoclonal antibodies of the invention can be obtained from 
the monoclonal antibodies so produced by methods, which include digestion with enzymes, such 
as pepsin or papain, and/or by cleavage of disulfide bonds by chemical reduction. Alternatively, 
monoclonal antibody fragments encompassed by the present invention can be synthesized using 
an automated peptide synthesizer. 

[0113] It is also contemplated that a molecular cloning approach can be used to 
generate monoclonals. For this, combinatorial immunoglobulin phagemid libraries are prepared 
from RNA isolated from the spleen of the immunized animal, and phagemids expressing 
appropriate antibodies are selected by paiming using cells expressing the antigen and control 
cells. The advantages of this approach over conventional hybridoma techniques are that 
proximately 10"^ times as many antibodies can be produced and screened in a single round, and 
that new specificities are generated by H and L chain combination which ftirther increases the 
chance of finding appropriate antibodies, 

[0114] Altematively, monoclonal antibody fragments encompassed by the present 
invention can be synthesized using an automated peptide synthesizer, or by expression of 
ftill-length gene or of gene fragments in E. colL - 

n. Engineering Expression Constructs 

[0115] Also, provided in the present invention is polynucleotide sequences 

encoding the hTRT polypeptides of the present invention. These polynucleotide sequences, 

SEQ.ID.NO.l and SEQ.ID.N0.2, encode the polypeptide sequences of SEQ.ID.N0.3 and 

SEQ.ID.N0.4. 

[0116] In certain embodiments, the present invention involves the manipulation of 
genetic material to produce expression constructs that encode hTRT epitopes. Such methods 
involve the generation of expression constructs containing, for example, a heterologous nucleic 
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acid sequence encoding an hTRT epitope of interest and a means for its expression, replicating 
the vector in an ^propriate helper cell, and obtaining the peptides produced therefiom. 

[01171 One skilled in the art is cognizant that it is not necessary that the 
polynucleotide sequence encode a full-length protein. It is simply necessary that the expressed 
protein comprise an epitope, which eUcits the desired immune response when processed in 
antigen presenting cells. 

[0118] The polynucleotide sequences encoding at least one epitope of hTRT are 
selected epitopes that are contained in SEQ.ID.N0.1 and SEQ.ID.N0.2. These sequences 
contam MHC-I and MHC-H restiicted epitopes. Thus, one of skiU in the art realizes that 
ftagments or single epitopes contained within SEQ.ID.N0.1 or SEQ.ID.N0.2 can be used, for 
example, but not limited tiie following epitopes SEQ.ID.N0.5, SEQ.ID.N0.6, SEQ.1D.N0.7, 
SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.IO, SEQ.rD.N0.11, SEQ.IDmi2, SEQ.ID.N0.13, 
SEQ.ID.N0.14, SEQ.E).N0.15, SEQ.n).N0.16, SEQ.ID.N0.95, SEQ.ID.N0.96, 
SEQ.ID.N0.97, SEQ.ID.N0.98, SEQ.ID.N0.99 and SEQ.ID.NO.100. 



A. Regulatory Elements 

[01191 In addition to the polynucleotide sequences that encode the hTRT epitopes 

of the present invention, one skiUed m tiie art is cognizant that other regulatory factors are 

necessary for integration of the DNA, propagation of the DNA, tiranscription and tiranslation of 

the DNA. Thus, the following description illustrates the other regulatory elanents that can be 

included in the egression vector of Ae present invention. 



1. Promoters 

[01201 The particular promoter employed to conh-ol the expression of a 
polynucleotide sequence of interest is not beUeved to be important, so long as it is capable of 
directing Ihe expression of the polynucleotide in the targeted cell. Thus, where a human cell is 
targeted, it is preferable to position the polynucleotide sequence coding region adjacent to and 
under the contirol of a promoter tiiat is capable of being expressed in a human cell. Generally 
speaking, such a promoter might include either a human or viral promoter. 

[0121] In various embodimraits, the human cytomegalovirus (CMV) immediate 
early gene promoter, the SV40 early promoter, the Rous sarcoma virus long terminal repeat, B- 
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actin, rat insulin promoter and glyceraldehyde-S-phosphate dehydrogenase can be used to obtain 
high-level expression of the coding sequence of interest. The use of other viral or mammaUan 
cellular or bacterial phage promoters which are well-known in the art to achieve expression of a 
coding sequence of interest is contemplated as well, provided that the levels of expression are 
sufficient for a given purpose. By employing a promoter with well-known properties, the level 
and pattern of expression of the protein of interest following transfection or transformation can 
be optimized. 

[0122] Selection of a promoter that is regulated in response to specific physiologic 
or synthetic signals can permit inducible expression of the gene product. For example in the case 
where expression of a transgene, or transgenes when a multicistronic vector is utilized, is toxic to 
the cells in which the vector is produced in, it is desirable to prohibit or reduce expression of one 
or more of the transgenes. Examples of transgenes that are toxic to the producer cell line are 
pro-apoptotic and cytokine genes. Several inducible promoter systems are available for 
production of viral vectors where the transgene product is toxic. 

[0123] The ecdysone system (Invitrogen, Carlsbad, CA) is one such system. This 
system is designed to allow regulated expression of a gene of interest in mammalian cells. It 
consists of a tightly regulated expression mechanism that allows virtually no basal level 
expression of the transgene, but over 200-fold inducibility. The system is based on the 
heterodimeric ecdysone receptor of Drosophila, and when ecdysone or an analog such as 
muristerone A binds to the receptor, the recq)tor activates a promoter to tum on expression of 
the downstream transgene higji levels of mRNA transcripts are attained. In this system, both 
monomers of the heterodimeric receptor are constitutively expressed from one vector, whereas 
the ecdysone-responsive promoter which drives expression of the gene of interest is on another 
plasmid. Engineering of this type of system into the gene transfer vector of interest would 
therefore be useful. Cotransfection of plasmids containing the gene of interest and the recq)tor 
monomers in the producer cell line would then allow for the production of the gene transfer 
vector without expression of a potentially toxic transgene. At the appropriate time, expression of 
the transgene could be activated with ecdysone or muristeron A. 

[0124] Another inducible system that wpuld be useful is the Tet-Off™ or Tet-On™ 
system (Clontech, Palo Alto, CA) originally developed by Gossen and Bujard (Gossen and 
Bujard, 1992; Gossen et al, 1995). This system also allows high levels of gene expression to be 



wo 03/038047 PCT/US02/34588 

28 

regulated in response to tetracycline or tetracycline derivatives such as doxycycline. In the Tet- 
OnTM system, gene expression is turned on in the presence of doxycycline, whereas in the Tet- 
Off™ system, gene expression is turned on in the absence of doxycycline. These systems are 
based on two regulatory elements derived from the tetracycline resistance operon ofE. coli. The 
tetracycline operator sequence to which the tetracycline repressor binds, and the tetracycUne 
repressor protein. The gene of interest is cloned into a plasmid behind a promoter that has 
tetracycline-responsive elements present in it. A second plasmid contains a regulatory element 
called the tetracycline-controlled transactivator, which is composed, in the Tet-Off™ system, of 
the VP16 domain from the heipes simplex virus and flie wild-type tetracycUne repressor. Thus 
in the absence of doxycycline, transcription is constitutively on. hi the Tet-On™ system, the 
tetracycline repressor is not wild type and in the presence of doxycycline activates transcription. 
For gene therapy vector production, the Tet-Off™ system would be preferable so that the 
producer cells could be grown in the presence of tetracycline or doxycycline and prevent 
expression of a potentially toxic transgene, but when the vector is introduced to flie subject, the 
gene expression would be constitutively on. 

[0125] hi some circumstances, it is desirable to regulate expression of a transgene 
in a gene therapy vector. For example, different viral promoters with varying strengths of 
activity are utilized depending on the level of expression desired, hi mammalian cells, the CMV 
immediate early promoter if often used to provide strong transcriptional activation. Modified 
versions of the CMV promoter that are less potent have also been used when reduced levels of 
expression of the transgene are desired. When expression of a transgene m hematopoetic cells is 
desired, retroviral promoters such as the LTRs from MLV or MMTV are often used. Other viral 
promoters that are used depending on tlie desired effect include SV40, RSV LTR. HIV-1 and 
HIV-2 LTR, adenovirus promoters such as from the ElA, E2A, or MLP region, AAV LTR, 
HSV-TK, and avian sarcoma virus. 

[01261 Similarly, tissue specific promoters are used to effect transcrq)tion in 
specific tissues or cells so as to reduce potential toxicity or undesirable effects to non-targeted 
tissues. For example, promoters such as the HER-2 promoter and PSA associated promoter 
sequences. 

[0127] hi certain indications, it is desirable to activate transcription at specific 
times after administration of the gene therapy vector. This is done with such promoters as those 



wo 03/038047 



29 



PCT/US02/34588 



that are honnone or cytokine regulatable. Cytokine and inflammatory protein responsive 
promoters that can be used include K and T Kininogen (Kageyama et aL, 1987), c-fos, TNF- 
alpha, C-reactive proteui (Arcone et al, 1988), haptoglobin (Oliviero et aL, 1987), serum 
amyloid A2, C/EBP alpha, IL-1, IL-6 (Poll and Cortese, 1989), Complement C3 (Wilson et aL, 
1990), IL-8, alpha- 1 acid glycoprotein (Prowse and Baumann, 1988), alpha- 1 antitypsin, 
lipoprotein lipase (Zechner et aL, 1988), angiotensinogen (Ron et aL, 1991), fibrinogen, c-jun 
(inducible by phorbol esters, TNF-alpha, UV radiation, retinoic acid, and hydrogen peroxide), 
collagenase (induced by phorbol esters and retinoic acid), metallothionein (heavy metal and 
glucocorticoid inducible), Stromelysin (inducible by phorbol ester, interleukin-1 and EGF), 
alpha-2 macroglobulin and alpha- 1 antichymotrypsin, 

[0128] It is envisioned that any of the above promoters alone or in combination 
with another can be usefiil according to the present invention depending on the action desired. In 
addition, this list of promoters should not be construed to be exhaustive or limiting, those of skill 
in the art will know of other promoters that are used in conjunction with the promoters and 
methods disclosed herein. 

2. Enhancers 

[0129] Enhancers are genetic elements that increase transcription from a promoter 
located at a distant position on the same molecule of DNA. Enhancers are organized much like 
promoters. That is, they are composed of many individual elements, each of which binds to one 
or more transcriptional proteins. The basic distinction between enhancers and promoters is 
operational. An enhancer region as a whole must be able to stimulate transcription at a distance; 
this need not be true of a promoter region or its component elements. On the otiier hand, a 
promoter must have one or more elements that direct initiation of RNA synthesis at a particular 
site and in a particular orientation, whereas enhancers lack these specificities. Promoters and 
enhancers are often overlapping and contiguous, often seeming to have a very similar modular 
organization. 

[0130] Any promoter/enhancer combination (as per the Eukaryotic Promoter Data 
Base EPDB) can be used to drive expression of the gene. Eukaryotic cells can support 
cytoplasmic transcription from certain bacterial promoters if the appropriate bacterial polymerase 
is provided, either as part of the delivery complex or as an additional genetic expression 
construct. 
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3. Polyadenylation Signak 

10131] Where a cDNA insert is employed, one will typically desire to include a 

polyadenylation signal to effect proper polyadenylation of the gene transcript. The nature of the 
polyadenylation signal is not believed to be crucial to the successfiil practice of the invention, 
and any such sequence is employed such as human or bovine growth hormone and SV40 
polyadenylation signals. Also contemplated as an element of the expression cassette is a 
terminator. These elements can srarve to enhance message levels and to minimize read throu^ 
from the cassette into other sequences. 

4. Integration sequences 

[0132] In instances wherein it is beneficial that the expression vector replicate in a 
ceU, the vector integrates into the genome of the ceU by way of integration sequences, i.e., 
retrovirus long terminal repeat sequences (LTRs), the adeno-associated virus ITR sequences, 
which are present in the vector, or alternatively, the vector itself comprises an origin of DNA 
replication and other sequence which faciUtate replication of the vector in the ceU while the 
vector maintains an episomal form. For exanqjle, the expression vector can optionally comprise 
an Epstein-Barr vmis (EBV) origin of DNA rq)hcation and sequences which encode the EBV 
EBNA-1 protein in order that episomal repUcation of the vector is facilitated m a cell into which 
the vector is introduced. For example, DNA constructs having the EBV origin and the nuclear 
antigen EBNA-1 coding are capable of repUcation to high copy number in mammaUan cells and 
are commercially available from, for example, hivitrogen (San Diego, CA). 

[0133] It is important to note that m the present mvention it is not necessary for the 
expression vector to be integrated mto the genome of the cell for proper protem expression. 
Rather, the expression vector can also be present in a desired cell in the form of an episomal 
molecule. For example, there are certain cell types in which it is not necessary that the 
expression vector repUcate m order to express the desired protem. These cells are those which 
do not normally repUcate and yet are ftilly capable of gene expression. An expression vector is 
introduced into non-dividing cells and express the protein encoded thereby in the absence of 
repUcation of the expression vector. 

5. Internal Ribosome Binding Sites 
[0134] In certain embodiments of fbs invention, the use of internal ribosome entry 
sites ORES) elements are used to create multigene, or polycistronic messages. IKES elements 
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are able to bypass the ribosome scanning model of 5' methylated Cap dependent translation and 
begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES elements from two 
members of the picomavirus family (polio and encephalomyocarditis) have been described 
(Pelletier and Sonenberg, 1988), as well an IRES from a mammaUan message (Macejak and 
Samow, 1991). IRES elmients can be linked to heterologous open reading frames. Multiple 
open reading frames can be transcribed together, each separated by an IRES, creating 
polycistronic messages. By virtue of the lElES element, each open reading frame is accessible to 
ribosomes for efficient translation. Multiple genes can be efficiently expressed using a single 
promoter/enhancer to transcribe a single message (see U.S. Patent Nos. 5,925,565 and 5,935,819, 
each herem incorporated by reference), 

B« Selectable and Screenable Markers 

[0135] In certain embodiments of the invention, transformed cells of the present 

invention is identified in vitro or in vivo by including a marker in the expression vector. Such 

markers would confer an identifiable change to the cell permitting easy identification of cells 

containing the expression vector. Generally, a selectable marker is one that confers a property 

that allows for selection. A positive selectable marker is one in which the presence of the marker 

allows for its selection, while a negative selectable marker is one in which its presence prevents 

its selection. An example of a positive selectable marker is a drug resistance marker. 

[0136] Usually the inclusion of a drug selection marker aids in the cloning and 
identification of transforaiants, for example, genes that confer resistance to neomycin, 
puromycin, hygromycm, DHFR, GPT, zeocin and histidinol are usefiil selectable markers. In 
addition to markers conferring a phenotype that allows for the discrimination of transformants 
based on the implementation of conditions, other types of markers including screenable markers 
such as GFP, whose basis is colorimetric analysis, are also contemplated. Alternatively, 
screenable enzymes such as herpes simplex virus thymidine kinase {tK) or chloramphenicol 
acetyltransferase (CAT) are utilized. One of skill in the art would also know how to employ 
immunologic markers, possibly in conjunction with FACS analysis. The marker used is not 
beUeved to be important, so long as it is capable of being expressed simultaneously witii the 
polynucleotide encoding a gene product. Further examples of selectable and screenable markers 
are well known to one of skill in the art. 
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m. Methods of Gene Transfer 

[0137] In Older to mediate the effect of the transgene expression in a cell, it will be 

necessary to transfer the expression constructs of the present invention into a cell. Such transfer 

employs viral or non-viral methods of gene transfer. This section provides a discussion of 

methods and compositions of gene transfer. 

A. Non-viral Transfer 

[0138] Several non-viral methods for the transfer of expression constructs into cells 

are contemplated by the present invention. These include calcium phosphate precipitation 

(Graham and Van Der Eb, 1973; Chen and Okayama, 1987; Rippe et al, 1990) DEAE-dextran 

(Gopal, 1985), electroporation (Tur-Kaspa et al. 1986; Potter et al, 1984), direct microinjection 

(Harland and Weintraub, 1985), DNA-loaded liposomes (Nicolau and Sene, 1982; Fraley et al, 

1979), cell sonication (Fechheimer et al, 1987), gene bombardment using high velocity 

microprojectiles (Yang et al, 1990), and receptor-mediated transfection (Wu and Wu, 1987; Wu 

and Wu, 1988). 

1. £v vivo Transformation 

[0139] Methods for tranfecting vascular cells and tissues removed fix>m an 

organism in an e=c vivo setting are known to Ihose of skill in the art. For exan^)le, cannine 
endothelial cells have been genetically altered by retroviral gene transfer i« vitro and 
transplanted into a canine (Wilson et al. 1989). hi another example, yucatan minipig endothelial 
cells were transfected by retrovirus in vitro and transplanted into an artery using a double- 
balloon catheter (Nabel et al. 1989). Thus, it is contemplated that cells or tissues are removed 
and transfected ex wVo using the polynucleotides of the present mvention. In particular aspects, 
the transplanted cells or tissues are placed into an organism. Thus, it is well within the 
knowledge of one skilled in the art to isolate dendritic cells from a mammal, transfect the cells 
with the retrogen expression vector and then administer the transfected or transformed cells back 
to the mammal. 

2. Injection 

[0140] In certain embodiments, a polynucleotide is delivered to an organelle, a cell, 
a tissue or an organism via one or more injections {Le.. a needle injection), such as, for example, 
subcutaneously, intradermally, intramuscularly, intravenously, intrq)eritoneally, etc. Methods 
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of injection of vaccines are well known to those of ordinary skill in the art (e,g., injection of a 
composition comprising a saline solution). Further embodiments of the present invention 
include the introduction of a polynucleotide by direct microinjection. Direct microinjection has 
been used to introduce polynucleotide constructs into Xenopus oocytes (Harland and Weintraub, 
1985). The amount of the retrogen expression vector used varies upon the nature of the antigen 
as well as the organelle, cell, tissue or organism used 

3. Electroporation 

[0141] In certain embodiments of the present mvention, a polynucleotide is 

introduced into an organelle, a cell, a tissue or an organism via electroporation. Electroporation 
involves the exposure of a suspension of cells and DNA to a higji-voltage electric discharge. In 
some variants of this method, certain cell wall-degrading enzymes, such as pectin-degrading 
enzymes, are employed to render the target recipient cells more susceptible to transforaiation by 
electroporation than untreated cells (U.S. Patent No. 5,384,253, incorporated herein by 
reference). Alternatively, recipient cells can be made more susceptible to transformation by 
mechanical woxmding- 

[0142] Transfection of eukaryotic cells using electroporation has been quite 
successful. Mouse pre-B lymphocytes have been transfected with human 
k^pa-immunoglobulin genes (Potter et al, 1984), and rat hepatocytes have been transfected 
with the chloramphenicol acetyltransferase gene (Tur-Kaspa et al, 1986) in this manner. 

4. Calcium Phosphate 

[0143] In other embodiments of the present invention, a polynucleotide is 

introduced to the cells using calcium phosphate precipitation. Himiaa KB cells have been 
transfected with adenovirus 5 DNA (Graham and Van Der Eb, 1973) using this technique. Also 
in this manner, mouse L(A9), mouse C127, CHO, CV-1, BHK, NIFBTS and HeLa cells were 
transfected with a neomycin marker gene (Chen and Okayama, 1987), and rat hepatocytes were 
transfected with a variety of marker genes (Rippe et al, 1990). 
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5. DEAE-Dextran 
[0144] M another embodiment, a polynucleotide is delivered into a cell using 

DEAE-dextran followed by polyethylene glycol. In this manner, reporter plasmids were 

introduced into mouse myeloma and eryfhroleukemia cells (Gopal, 1985). 



6. SomcatioD Loading 

[0145] Additional embodiments of the present invention include the introduction of 

a polynucleotide by direct sonic loading. LTK" fibroblasts have been transfected with the 
thymidine kinase gene by sonication loading (Fechheimer et al. 1987). 

7. Liposome-Mediated Transfection 

[0146] Yet further, the expression construct is entrapped in a liposome. liposomes 
are vesicular structures characterized by a phosphoUpid bUayer membrane and an inner aqueous 
medium. MuMamellar liposomes have multiple Upid layers separated by aqueous medium. 
They form spontaneously when phosphoUpids are suspended in an excess of aqueous solution. 
The Upid components undergo self-rearrangement before the formation of closed stractures and 
entrap water and dissolved solutes between the Hpid bilayers (Ghosh and Bachhawat, 1991). The 
addition of DNA to cationic liposomes causes a topological transition firom liposomes to 
optically birefiingent liquid-crystalline condensed globules (Radler et al. 1997). These DNA- 
lipid complexes are potential non-viral vectors for use in gene therapy. 

[0147] Liposome-mediated nuclac acid delivery and expression of foreign DNA in 
vitro has been very successfiil. Using the p-lactamase gene, Wong et al, (1980) demonstrated 
the feasibiUty of Uposome-mediated delivery and expression of foreign DNA in cultured chick 
embryo, HeLa, and hepatoma cells. Nicolau et al, (1987) accomphshed successful liposome- 
mediated gene transfer in rats after intravenous injection. Also included are various commercial 
approaches mvolving "lipofection" technology. 

[0148] In certain embodiments of the invention, tiie liposome is complexed with a 
hemagglutmating virus (HVJ). This has been shown to facilitate fusion with the cell membrane 
and promote cell entry of liposome-encapsulated DNA (Kaneda et al, 1989). In other 
embodiments, the liposome is complexed or employed in conjunction with nuclear nonhistone 
chromosomal proteins (HMG-1) (Kato et al. 1991). In yet further embodiments, the Uposome is 
complexed or employed in conjunction with both HVJ and HMG-1. In that such expression 
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constructs have been successfully employed in transfer and expression of nucleic acid in vitro 
and in vivo, thrai they are applicable for the present invention. 

[0149] In other embodiments, the delivery vehicle comprises a ligand and a 
liposome. For example, Nicolau et al, (1987) employed lactosyl-ceramide, a galactose-terminal 
asialganglioside, incorporated into liposomes and observed an increase in the uptake of the 
insulin gene by hepatocytes. Thus, it is feasible that a nucleic acid encoding a tiierapeutic gene 
also is specifically delivered into a cell type such as prostate, epithelial or tumor cells, by any 
number of receptor-ligand systems with or without liposomes. For example, the human prostate- 
specific antigen (Watt et al. 1986) is used as the receptor for mediated delivery of a nucleic acid 
in prostate tissue. 



8. Receptor Mediated Transfection 
[0150] Still further, a polynucleotide is deUvered to a target cell via 

receptor-mediated delivery vehicles. These take advantage of tlie selective uptake of 

macromolecules by receptor-mediated endocytosis that will be occurring in a target cell. In view 

of the cell type-specific distribution of various receptors, this delivery method adds another 

degree of specificity to the present invention. 

[0151] Certain receptor-mediated gene targeting vehicles comprise a cell 
receptor-specific Ugand and a polynucleotide-binding agent. Others comprise a cell 
receptor-specific Ugand to which the polynucleotide to be delivered has been operatively 
attached. Several li^nds have been used for receptor-mediated gene transfer (Wu and Wu, 
1987; Wagner al, 1990; Peralesef al. 1994; Myers, EPO 0273085), whidi estabhshes the 
operability of the technique. Specific delivery in the context of another mammalian cell type has 
been described (Wu and Wu, 1993; incorporated herein by reference). In certain aspects of the 
present invention, a ligand will be chosen to correspond to a recqptor specifically expressed on 
the target cell population. 

[0152] In other anbodiments, a polynucleotide delivery vehicle conq)onent of a 
cell-specific polynucleotide targeting vehicle comprises a specific binding ligand in combination 
with a Uposome. The polynucleotide(s) to be delivered are housed within the Uposome and the 
specific binding ligand is functionally incorporated into the liposome membrane. The liposome 
will thus specifically bind to the receptor(s) of a target cell and deliver the contents to a cell. 
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Such systems have been shown to be functional using systems in which, for example, epidermal 
growth factor (EGF) is used in the receptor-mediated delivery of a polynucleotide to cells that 
exhibit upregulation of the EGF receptor. 

9. Microprojectile Bombardment 
[01531 Microprojectile bombardment techniques can be used to introduce a 

polynucleotide into at least one, organelle, cell, tissue or organism (U.S. Patent No. 5,550,318; 

U.S. Patent No. 5,538,880; U.S. Patent No. 5,610,042; and PCT Application WO 94/09699; each 

of which is incorporated herein by reference). This method depends on the ability to accelerate 

DNA-coated microprojectiles to a high velocity allowing them to pierce cell membranes and 

enter cells without kiUing them (Klein et al, 1987). There are a wide variety of microprojectile 

bombardment techniques known in the art, many of which are applicable to the invention. 

[0154] In this microprojectile bombardment, one or more particles are coated with 
at least one polynucleotide and delivered into cells by a propelling force. Several devices for 
accelerating small particles have been developed. One such device relies on a high voltage 
discharge to generate an electrical current, which in turn provides the motive force (Yang et al, 
1990). The microprojectiles used have consisted of biologically inert substances such as 
tungsten or gold particles or beads. Exemplary particles include those comprised of tungsten, 
platinum, and preferably, gold. It is contemplated that in some instances DNA precipitation onto 
metal particles would not be necessary for DNA delivery to a recipient ceU using microprojectne 
bombardment However, it is contemplated that particles can contain DNA rather than be coated 
with DNA. DNA-coated particles can mcrease the level of DNA delivery via particle 
bombardment but are not, in and of themselves, necessary. 

B. Viral Vector-Mediated Transfer 

[0155] In certain embodiments, transgene is incorporated into a viral particle to 

mediate gene transfer to a cell. Typically, tiie virus simply will be exposed to the appropriate 

host cell under physiologic conditions, peraiitting uptake of the vims. The present methods are 

advantageously employed using a variety of viral vectors, as discussed below. 
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1. Adenoviras 

[0156] Adenovirus is particularly suitable for use as a gene transfer vector because 
of its mid-sized DNA genome, ease of manipulation, high titer, wide target-cell range, and high 
infectivity. The roughly 36 kB viral genome is bounded by 100-200 base pair (bp) inverted 
terminal repeats (ITR), in which are contained cis-acting elements necessary for viral DNA 
replication and packaging. The early (E) and late (L) regions of the genome that contain 
different transcription units are divided by the onset of viral DNA replication. 

[0157] The El region (ElA and ElB) encodes proteins responsible for tiie 
regulation of transcription of the viral genome and a few cellular genes. The expression of tiie 
E2 region (E2A and E2B) results m the syndiesis of the proteins for viral DNA replication. 
These proteins are involved in DNA replication, late gene expression, and host cell shut off 
(Renan, 1990). The products of the late genes (LI, L2, L3, L4 and L5), including the majority of 
the viral capsid proteins, are expressed only after significant processing of a single primary 
transcript issued by the major late promoter (MLP). The MLP (located at 16.8 map units) is 
particularly efficient during the late phase of infection, and all the mRNAs issued from this 
promoter possess a 5' tripartite leader (TL) sequence which makes them prefenred mRNAs for 
translation. 

[0158] In order for adenovirus to be optimized for gene therapy, it is necessary to 
maxunize the carrying edacity so that large segments of DNA can be included It also is very 
desirable to reduce the toxicity and immunologic reaction associated with certain adenoviral 
products. The two goals are, to an extent, coterminous in that ehmination of adenoviral genes 
serves both ends. By practice of the present invention, it is possible achieve both these goals 
while retaining the abihty to manipulate flie therapeutic constructs with relative ease. 

[0159] The large displacement of DNA is possible because the cis elements 
required for viral DNA replication all are localized in the inverted terminal repeats (ITR) (100- 
200 bp) at either end of the linear viral genome. Plasmids containing ITR's can replicate in the 
presence of a non-defective adenovirus (Hay et al. 1984). Therefore, inclusion of these 
elements in an adenoviral vector should pennit replication. 

[0160] In addition, the packaging signal for viral encapsidation is localized 
between 194-385 bp (0.5-1.1 map units) at the left end of the viral genome (Hearing et al, 1987). 
This signal mimics the protem recognition site in bacteriophage X DNA where a specific 
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sequence close to the left end, but outside the cohesive end sequence, mediates the binding to 
proteins that are required for insertion of the DNA into the head structure. El substitution 
vectors of Ad have demonstrated that a 450 bp (0-1.25 map units) fragment at the left end of the 
viral genome could direct packaging in 293 cells (Levrero et al, 1991). 

[01611 Previously, it has been shown that certain regions of tiie adenoviral genome 
can be incorporated into the genome of mammalian cells and the genes encoded thereby 
expressed. These cell lines are capable of supporting the repUcation of an adenoviral vector lhat 
is deficient in the adenoviral fiinction encoded by the ceU line. There also have been reports of 
complementation of repUcation deficient adenoviral vectors by "helping" vectors, e.g.. wild-type 
virus or conditionally defective mutants. 

[0162] Replication-deficient adaioviral vectors can be complemented, in trans, by 
helper virus. This observation alone does not permit isolation of the repUcation-deficient 
vectors, however, since the presence of helper virus, needed to provide repUcative fimctions, 
would contaminate any preparation. Thus, an additional element was needed that would add 
specificity to tlie replication and/or packaging of the replication-deficient vector. That element, 
as provided for in the present invention, derives firom the packaging function of adenovirus. 

[0163] It has been shown that a packaging signal for adenovirus exists in the left 
end of the conventional adenovirus map (Tibbetts, 1977). Later studies showed that a mutant 
with a deletion in the El A (194-358 bp) region of the genome grew poorly even in a cell line that 
complemented the early (El A) ftinction (Hearing and Shenk, 1983). When a compensating 
adenoviral DNA (0-353 bp) was recombined into the right end of the mutant, the virus was 
packaged normally. Further mutational analysis identified a short, repeated, position-dependent 
element in the left end of the Ad5 genome. One copy of the repeat was found to be sufficient for 
efficient packaging if present at either end of the genome, but not when moved towards the 
interior of the AdS DNA molecule (Hearing et al. 1987). 

[01641 By using mutated versions of tlie packaging signal, it is possible to create 
helper viruses that are packaged with varying efficiencies. Typically, the mutations are point 
mutations or deletions. When helper viruses with low efficiency packaging are grown in helper 
cells, the virus is packaged, albeit at reduced rates compared to wild-type virus, thereby 
permitting propagation of the helper. When these helpa: viruses are grown in cells along witii 
virus that contains wild-type packaging signals, however, the wild-type packaging signals are 
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recognized preferentially over the mutated versions. Given a limiting amount of packaging 
factor, the virus containing the wild-type signals are packaged selectively when compared to the 
helpers. If the preference is great enough, stocks approaching homogeneity should be achieved. 

2. Retrovirus 

[0165] The retroviruses are a group of single-stranded RNA viruses characterized 
by an ability to convert their RNA to double-stranded DNA in infected cells by a process of 
reverse-transcription (Coffin, 1990). The resulting DNA then stably integrates into cellular 
chromosomes as a provirus and directs synthesis of viral proteins. The integration results in the 
retention of the viral gene sequences in the recipient cell and its descendants. The retroviral 
genome contains three genes - gag, pol and env - that code for capsid proteins, polym^ase 
enzyme, and envelope components, respectively. A sequence found upstream JBrom the gag gene, 
temied ^, functions as a signal for packaging of the genome into virions. Two long terminal 
repeat (LTR) sequences are present at the 5' and 3' ends of the viral genome. These contain 
strong promoter and enliancer sequences and also are required for integration in the host cell 
genome (Coffin, 1990). 

[0166] In order to construct a retroviral vector, a nucleic acid encoding a promoter 
is inserted into the viral genome in the place of certain viral sequences to produce a virus that is 
replication-defective. In order to produce virions, a packaging cell line containing the gag, pol 
and env genes but without the LTR and T components is constructed (Mann et al, 1983). When 
a recombinant plasmid containing a human cDNA, together with the retroviral LTR and ^ 
sequences is introduced into this cell line (by calcium phosphate precipitation for example), the 
Y sequence allows the RNA transcript of the recombinant plasmid to be packaged into viral 
particles, which are then secreted into the culture media (Nicolas and Rubenstein, 1988; Temin, 
1986; Maim et al, 1983). The media containing the recombinant retroviruses is collected, 
optionally concentrated, and used for gene transfer. Retroviral vectors are able to infect a broad 
variety of cell types. However, integration and stable expression of many types of retroviruses 
require the division of host cells (Paskind et al, 1975). 

[0167] An approach designed to allow specific targeting of retrovirus vectors 
recently was developed based on the chemical modification of a retrovirus by the chemical 
addition of galactose residues to the viral OTvelope. This modification could permit the specific 
infection of cells such as hepatocytes via asialoglycoprotein receptors, should this be desired. 
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[0168] A different approach to targeting of recombinant retroviruses was designed 
in which biotinylated antibodies against a retroviral envelope protein and against a specific cell 
receptor were used. The antibodies were coupled via the biotm components by using 
streptavidin (Roux et al, 1989). Using antibodies against major histocompatibility complex 
class I and class n antigens, the infection of a variety of human cells that bore those surface 
antigens was demonstrated with an ecotropic virus in viti'o (Roux et aL, 1989). 

3. Adeno-associated Virus 
[0169] AAV utilizes a linear, single-stranded DNA of about 4700 base pairs. • 

Inverted terminal repeats flank the genome. Two genes are present within the genome, giving 
rise to a number of distinct gene products. The first, the cap gene, produces three different virion 
proteins (VP), designated VP-1, VP-2 and VP-3. The second, the rep gene, encodes four non- 
structural proteins (NS). One or more of these rep gene products is responsible for 
transactivating AAV transcription. 

[0170] The three promoters in AAV are designated by their location, in map units, 
in the genome. These are, firom left to right, p5, pl9 and p40. Transcription gives rise to six 
transcripts, two initiated at each of three promoters, with one of each pan: being spUced. The 
spUce site, derived fi^om map units 42-46, is ttie same for each transcript The four non-structural 
protems ^parently are derived from the longer of the transcripts, and three virion proteins all 
arise from the smallest transcript. 

[0171] AAV is not associated with any pathologic state in humans. Interestingly, 
for efficient replication, AAV requires *lielping" fiinctions from viruses such as herpes simplex 
virus I and 11, cytomegalovirus, pseudorabies virus and, of course, adenovirus. The best 
chamcterized of the helpers is adenovirus, and many "early" fiinctions for this virus have been 
shown to assist with AAV replication. Low level expression of AAV rep proteins is believed to 
hold AAV structural expression in check, and helper virus infection is thought to remove this 
block. 

[0172] The terminal repeats of the AAV vector can be obtained by restriction 
endonuclease digestion of AAV or a plasmid such as p201, which contains a modified AAV 
genome (Samulski et aL, 1987), or by other methods known to tiie skilled artisan, includmg but 
not lunited to chemical or enzymatic synthesis of the terminal repeats based upon the published 
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sequence of AAV. The oidmarily skilled artisan can determine, by well-known methods such as 
deletion analysis, the minimum sequence or part of the AAV ITRs which is required to allow 
function, i.e., stable and site-specific integration. The ordinarily skilled artisan also can 
deteraiine which minor modifications of the sequence can be tolerated while maintaining the 
ability of the terminal repeats to direct stable, site-specific integration. 

[01731 AAV-based vectors have proven to be safe and effective vehicles for gene 
delivery in vitro, and ttiese vectors are being developed and tested in pre-cUnical and clinical 
stages for a wide range of applications in potential gene therapy, both ex vivo and in vivo (Carter 
and Flotte, 1996 ; Chatterjee et al, 1995; Ferrari et al.. 1996; Fisher et al, 1996; Flotte et al. 
1993; Goodman et al, 1994; K^Utt et al. 1994; 1996, Kessler et al, 1996; Koeberl et al. 1997; 
Mizukamie^a/., 1996). 

[01741 AAV-mediated efficient gene transfer and expression in the lung has led to 
chnical trials for the treatment of cystic fibrosis (Carter and Flotte, 1995; Flotte et al, 1993). 
Similarly, the prospects for treatment of muscular dystrophy by AAV-mediated gene delivery of 
the dystrophin gene to skeletal muscle, of Parkinson's disease by tyrosine hydroxylase gene 
delivery to the brain, of hemophilia B by Factor IX gene delivery to the liver, and potentially of 
myocardial infarction by vascular endotheUal growth factor gene to the heart, appear promising 
since AAV-mediated transgene expression m these organs has recently been shown to be highly 
efficient (Fisher et al, 1996; Flotte et al, 1993; Kq)Utt et al, 1994; 1996; Koeberl et al, 1997; 
McCown et al. 1996; Ping et al. 1996; Xiao et al, 1996). 

4. Oilier Viral Vectors 
[0175] Oflier viral vectors are employed as expression constructs in the present 

mvention. Vectors derived )&om viruses such as vaccinia virus (Ridgeway, 1988; Baichwal and 

Sugden, 1986; Coupar et al. 1988) canary pox virus, and herpes viruses are employed. These 

viruses offer several features for use in gene transfer mlo various mammalian cells. 

[0176] Once the construct has been delivered into Ihe cell, the nucleic acid 
encoding the transgene are positioned and expressed at different sites. In certam embodiments, 
the nucleic acid encoding the transgene is stably integrated into ttie genome of the cell. This 
integration is in the cognate location and orientation via homologous recombination (gene 
replacement) or it is integrated in a random, non-specific location (gene augmaitation). In yet 
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further embodiments, the nucleic acid is stably maintained in the cell as a sq)arate, episomal 
segment of DNA. Such nucleic acid segments or "episomes" encode sequences sufficient to 
permit maintenance and replication independent of or in synchronization with the host cell cycle. 
How the expression construct is delivered to a cell and where in the cell the nucleic acid remams 
is dependent on the type of expression construct employed. 

rV. Screening to Identify of MHC-H-Restricted Antigens 

[0177] In specific embodiments of the present invention, it is provided a method to 

identify a polynucleotide sequence which encodes at least one MHC-H restricted epitope that is 

capable of activating CD4+ helper T cells. Specifically, the method comprises the steps of: 

introducing an expression vector into an antigen presraiting cell to produce a transduced antigen 

presenting cell, wherein tiie expression vector comprises a polynucleotide promoter sequence, a 

polynucleotide encoding a signal sequence, a polynucleotide encoding a test polypeptide, a 

polynucleotide encoding a cell binding element and a polynucleotide encoding a dendritic cell 

receptor, all operatively linked; contacting the transduced antigen presenting cell with naYve T- 

cells or primed T-cells; and assessii^ whether any naive T-cells or primed T cells are activated 

upon contact with the transduced antigen presenting ceU wherein activation of said T-cells 

indicates that the polynucleotide encodmg the test polypeptide is a gene or fragment thereof 

capable of activating CD4+ helper T cells. One skiUed in the art is cognizant that the test 

polypeptide is a polypeptide that has yet to be identified as one that activates CD4+T-cells. 

[0178] First, a cDNA library is constructed using mRNA from selected cells, i.e., 
tumor cells. When cDNA is prepared from cells or tissue that express the polynucleotide 
sequences of interest at extremely high levels, the cDNA clones that contain the polynucleotide 
sequence can be selected with minimal ejffort. For less abundantly transcribed polynucleotide 
sequences, various methods can be used to enrich for particular mRNAs before making the 
library. Retroviruses are used as a vector for the library. 

[0179] Specifically, retroviral libraries provide the ideal way to deliver a high- 
complexity Ubrary into vutually any mitotically active cell type for expression cloning. Because 
the viral particles infect with high efficiency, they deUver a more complex library than 
transfection-based methods. One skilled m the art realizes that any vector can be used for the 
library. 
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[0180] Once the cDNA library is constructed, the viral vectors are transfected into 
packaging cells. Next, immature DCs derived from monocytes are transduced with the 
recombinant vectors and efficiency is determined. Transduced DCs are co-cultured with 
expanded autologous CD4+ T-cells. Activation of the T-cells is an indication that the 
polypeptide is capable of activating CD4+T-cells. The in vitro T-cell activation assay is adapted 
to be a high-throughput automated assay in order to facilitate the testing of many different test 
polynucleotide sequences at one time. One skilled in the art recognizes that the present invention 
can be manipulated to transduce cells with expression vectors containing a variety of possible 
epitope sequences. The transduced cells are placed in 96-well plates, containing nafve T-cells, 
and the activation of the T-cells is assessed by automated assessment of incorporation of 
radioactivity into the DNA of the T-cells, using technology readily available in clinical 
immunology. Positive clones are identified by ELISA (GM-CSF) or IL2 surface expression by 
flow cytometric array. The positive clone is PGR amplified and sequenced to determine the 
protein. 

[0181] The human genome is screened to identify the polynucleotide sequences 
that encode proteins and epitopes that are recognized by CD4+ T-cells. These polynucleotide 
products are used for cancer therqjy or to induce immune tolerance for autoimmune disease 
therapy, or gene therapy. This basic screening procedure provides for the identification of 
epitopes for designing small therapeutic molecules. 

[0182] A skilled artisan is cognizant that this screening procedure can be modified 
to screen a variety of genomes, human, viral, bacterial, or parasitic. Construction of cDNA 
libraries are well known in the art. Thus, a skilled artisan is capable of utilizing this information 
to alter the present invention to identify antigens. 

y. Methods of Eliciting an Immune Response. 

[0183] Another embodiment of the present invention is a method to elicit an 

immune response directed against an antigen. 

[0184] More particularly, this method utilizes the expression vector of the present 
invention to manipulate cells to produce endogenous antigens as if they were exogenous 
antigens. This novel antigen presentation strategy involves transducing cells with a novel 
recombinant expression vector to produce and secrete a fusion protein consisting of an antigen 
and a cell-binding element. The secreted fusion protein is endocytosed or "retrogradely" 
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transported into antigen presenting cells via receptor-mediated endocytosis (Dasxon, 1997; Serre 
et al, 1998; Ravetch et al., 1993). As a result, the fusion protein, or "retrogen" as tenned in the 
present disclosure because of its retrograde transport following secretion, is processed in the 
endosomal pathway and is presented on the cell surface of the antigen presenting cells as an 
MHC-n restricted exogenous antigenic fragments even though it has been produced 
endogenously. The MHC-H bound antigenic fragments of the antigen on the surface of the 
antigen presenting cells activate CD4+-T-ceUs that in turn stimulate CD8+ T-cells and 
macrophages, as well as B-cells to induce both cellidar and humoral immunity. 

[0185] It has also been discovered in the present invention that the retrogen protein 
is also processed m the cytosolic pathway during the fusion protein synthesis, secretion and 
endocytosis and become associated with MHC-I on the surface of the antigen presenting cells to 
directiy activate CD8+ T-cells. Activation of CD8+ T cells by intemahzed antigens is described 
in the art and for example, in Kovacsovics-Bankowski et al., 1995. hi addition, as noted above 
and described in more detail elsewhere herein, B cells are activated by the secreted retrogen. 
Thus, B cell activation is enhanced markedly in the present system in tiiat CD4+ cells also 
activates B cells. Thus, this strategy uses a unifying mechanism to activate all of the arms of the 
immune system. 

[0186] In specific embodiments, the expression vector is introduced into a cell to 
produce a transduced cell. Expression of the retrogen protein in the ceUs results m secretion of 
the retrogen protein from the cells. Secreted retrogen proteia can then be taken up by antigen 
presenting cells in the mammal for processing therein and expression therefrom as a MHC-I or a 
MHC-n complex. Thus, one skilled in the art realizes that the transduced cell or first cell, 
secretes the antigott and toe secreted antigen is internalized into a cell, a second cell, either the 
same cell or a different cell. When the eukaryotic cell is an antigen presenting cell, the retix)gen 
protem is expressed therein, secreted therefrom and can reenter the cell for processing and 
antigenic MHC presentation. When the eukaryotic cell is not an antigen presenting cell, the cell 
expresses and secretes the retrogen protem, which is subsequentiy taken up by an antigen 
presenting cell for antigenic MHC presentation. Non-antigen presenting cells useful in the 
mvaition include any cell which does not process antigens for MHC presentation. Antigen 
presenting cells include dendritic cells (DC), macrophages, monocytes and the like. Tumor cells, 
which are also included, are cells, which are or are not capable of processmg antigens for MHC 
presentation. 
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[0187] It is also contemplated that the polypeptides of the present invention can be 
pulsed into the antigen presenting cells, which can then be administered to a subject. 

VI. Treatment of Hyperproliferative Diseases 

[0188] The present invention contemplates the treatment of a hyperproliferative 

disease. It also coiitemplates the use of the present invention to modulate a hyperproliferative 

disease. It is envisioned that the present invention is directed at the use of the hTRT 

polynucleotide and/or polypeptide sequences to treat subjects with hyperproliferative diseases 

such that these subjects are conferred a therapeutic benefit as a result of the treatment. Thus, a 

therapeutic benefit refers to a result that promotes or enhances the well-being of the subject with 

respect to the medical treatment of his/her hyperproliferative disease. A list of non-exhaustive 

examples of tliis includes extension of the subject's life by any period of time; decrease or delay 

in the neoplastic development of ttie disease; decrease in hyperproliferation; reduction in tumor 

growth; delay of metastases; reduction in the proliferation rate of a cancer cell, tumor cell, or any 

other hyperproliferative cell; induction of apoptosis in any treated cell or in any cell affected by a 

treated cell; and a decrease in pain to the subject that can be attributed to the subject's condition. 

[0189] Treatment regimens may vary as well, and often depend on tumor type, 
tumor location, disease progression, and health and age of the subject. Obviously, certain types 
of tumor will require more aggressive treatment, while at the same time, certain subjects caimot 
tolerate more taxing protocols. The clinician will be best suited to make such decisions based on 
the known efficacy and toxicity (if any) of the therapeutic formulations. 

[0190] In some embodiments, a hyperproliferative disease is fiirther defined as 
cancer. Examples of cancer contemplated for treatment include lung cancer, head and neck 
cancer, breast cancer, pancreatic cancer, prostate cancer, renal cancer, bone cancer, testicular 
cancer, cervical cancer, gastrointestinal cancer, lymphomas, pre-neoplastic lesions in the lung, 
colon cancer, melanoma, bladder cancer. 

[0191] Yet fiirther, the hyperproliferative disease, includes but is not limited to 
neoplasms. A neoplasm is an abnormal tissue growth, generally forming a distinct mass that 
grows by cellular proliferation more rapidly than normal tissue growth. Neoplasms show partial 
or total lack of structural organization and fimctional coordination with normal tissue. These can 
be broadly classified into three major types. Malignant neoplasms arising firom epithelial 
structures are called carcinomas, malignant neoplasms that originate firom coimective tissues 
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such as muscle, cartilage, fat or bone are called sarcomas and malignant tumors affecting 
hematopoietic structures (structures pertaining to the formation of blood cells) including 
components of the immune system, are called leukemias, lymphomas and myelomas. A tumor is 
the neoplastic growth of the disease cancer. As used herein, a "neoplasm", also referred to as a 
"tumor", is intended to encompass hematopoietic neoplasms as well as soUd neoplasms. 
Examples of neoplasms include, but are not limited to melanoma, non-small cell lung, small-cell 
lung,, lung, hepatocarcinoma, retinoblastoma, astrocytoma, gliobastoma, gum, tongue, leukemia, 
neuroblastoma, head, neck, breast, pancreatic, prostate, renal, bone, testicular, ovarian, 
mesothelioma, sarcoma, cervical, gastrointestinal, lymphoma, brain, colon, bladder, myeloma, or 
other malignant or benign neoplasms. 

[0192] Other hyperproliferative diseases include, but are not Umited to 
neurofibromatosis, rheumatoid arthritis, Wegener's granulomatosis, Kawasaki's disease, lupus 
erattiematosis, midline granuloma, inflammatory bowel disease, osteoarthritis, leiomyomas, 
adenomas, lipomas, hemangiomas, fibromas, vascular occlusion, restenosis, atherosclerosis, pre- 
neoplastic lesions in the mouth, prostate, breast, lung, etc., carcinoma in situ, oral hairy 
leukoplakia, or psoriasis, and pre-leukemias, anemia with excess blasts, and myelodysplastic 
syndrome. 

[0193] In specific embodiments, the hyperproliferative disease is further defined as 
an immune-mediated disease, hnmune-mediated diseases include, but are not limited to 
rheumatoid arthritis or inflammatory bowel disease. 

A. Genetic Based Therapies 

[0194] Specifically, the present invention intends to provide, to a cell, an 

expression construct capable of expressing a MHC-I and/or MHC-H restricted hTRT epitope. 

The lengthy discussion of expression vectors and the genetic elements employed herein are 

incorporated into this section by reference. Particularly preferred expression vectors are viral 

vectors such as adenovirus, adeno-associated virus, herpesvirus, vaccinia virus and retrovirus. 

Also preferred is Hposomally-encapsulated expression vector. 

[0195] Those of skill in the art are well aware of how to apply gene delivery to in 
vivo and ex vivo situations. For viral vectors, one generally will prepare a viral vector stock. 
Depending on the kind of virus and the titer attainable, one will deliver 1 X 10^ 1 X 10^, 1 X 
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10^ 1 X 10^ 1 X 10^ 1 X 10^ l X lO^^ l X lO^^ or 1 X 10^^ infectious particles to the subject. 
Similar figures are extrapolated for liposomal or other non-viral formulations by comparing 
relative uptake efficiencies. Formulation as a pharmaceutically acceptable composition is 
discussed below. 

B. Protein Therapy 

[0196] Another therapy approach is the provision, to a mammal, of a polypeptide 
of the present invention. The protein is produced by recombinant expression means. 
Formulations can be selected based on the route of administration and purpose including, but not 
limited to, liposomal formulations and classic pharmaceutical preparations. It is also envisioned 
that the present invention is used for peptide-based immunizations. 

[0197] Yet further, it is envisioned that antibodies to the polypeptides can be 
administered to a subject. One of skill in the art is well aware that antibodies that bind with high 
specificity to the hTRT polypeptides provided herein can be produced. The techniques for 
preparing and using various antibody-based constructs and fi-agments are well known in the art. 
The discussion of antibodies employed herein is incorporated into this section by reference. 

C. Cell based Therapy 

[0198] Another therapy that is contemplated is the administration of transduced 

antigen presenting cells. The antigen presenting cells are transduced in vitro or ex vivo. 
Formulation as a pharmaceutically acceptable composition is discussed below. One skilled in 
the art is cognizant that the antigen presenting cells can be transduced with peptides or 
polynucleotides encoding the peptides of the present invention. 

[0199] Yet further, it is envisioned that the tumor cells can also be transduced with 
the peptides or polynucleotides encoding the peptides of the present invention. 

[0200] M a further embodiment, the polypeptides of the present invention are 
pulsed into antigen presenting cells and/or tumor cells. The pulsed antigen-presenthig cells 
and/or tumor cells are then administered to a subject. 

D. Combination Treatments 

[0201] In order to increase the effectiveness of the hTRT polypeptides, antibodies, 
nucleic acids, transgenes, or expression vectors, it is desirable to combine these compositions 
with other agents effective in the treatment of hypaproliferative disease, such as anti-cancer 
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agents, or with surgery. An anti-cancer agent is capable of negatively affecting cancer in a 
subject, for example, by killing cancer ceUs, inducing apoptosis in cancer cells, reducing the 
growth rate of cancer ceUs, reducing the incidence or number of metastases, reducing tumor size, 
inhibiting tumor growth, reducing the blood supply to a tumor or cancer cells, promoting an 
immune response against cancer cells or a tumor, preventing or inhibiting the progression of 
cancer, or increasing the lifespan of a subject with cancer. Anti-cancer agents include biological 
agents (biotherapy), chemother^y agents, and radiotherapy agents. More generally, these other 
compositions would be provided in a combined amount effective to kill or inhibit proliferation of 
the cell. This process involves contacting the cells with the expression construct and die agent(s) 
or multiple factor(s) at the same time. This is achieved by contacting the cell with a single 
composition or pharmacological formulation that includes both agents, or by contacting the ceU 
wifli two distinct compositions or formulations, at the same tune, wherein one composition 
includes the expression constract and the other includes the second agent(s). 

[0202] Tumor cell resistance to chemotherapy and radiotherapy agents represents a 
major problem in chnical oncology. One goal of current cancer research is to find ways to 
inq)rove fhe efficacy of chemo- and radiotherapy by combining it with gaie therapy. For 
example, the herpes simplex-thymidine kinase (HS-tK) gene, when delivered to brain tumors by 
a retroviral vector system, successfiilly induced susceptibility to the antiviral agent ganciclovir 
(Culver, et al, 1992). hi the context of the present invention, it is contemplated that hTRT gene 
therapy could be used similarly in conjunction witii chemotherapeutic, radiotherapeutic, 
immunotherapeutic or other biological intervention, in addition to odier pro-apoptotic or cell 
cycle regulating agents. 

[0203] Alternatively, the gene therapy precedes or follows the other agent 
treatment by intravals ranging firom minutes to weeks. In embodiments where the other a^nt 
and expression construct are applied separately to the cell, one would generaUy ensure that a 
significant period of time did not expire between the time of each deUvery, such that the agent 
and expression construct would still be able to exert an advantageously combined effect on the 
ceU. In such instances, it is contemplated that one contacts the cell with both modalities within 
about 12-24 h of each other and, more preferably, within about 6-12 h of each other. In some 
situations, it is desirable to extend the time period for treatment significantly, however, where 
several d (2, 3, 4, 5, 6 or 7) to several wk (1, 2, 3, 4, 5, 6, 7 or 8) lapse between the respective 
administrations. 
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[0204] Administration of the therapeutic expression constructs of the present 
invention to a subject will follow general protocols for the administration of chemotherapeutics, 
taking into account the toxicity, if any, of tlie vector. It is expected that the treatment cycles 
would be repeated as necessary. It also is contemplated that various standard therapies, as well 
as surgical intervention, are applied in combination with the described hyperproliferative cell 
therapy. 

1. Chemotherapy 

[0205] Cancer therapies also include a variety of combination therapies with both 
chemical and radiation based treatments. Combination chemotherapies include, for example, 
cisplatin (CDDP), carboplatin, procarbazine, mechlorethamme, cyclophosphamide, 
camptothecin, ifosfamide, melphalan, chlorambucil, busulfan, nitrosurea, dactinomycm, 
daunorubicin, doxorubicin, bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, 
raloxifene, estrogen receptor binding agents, taxol, gemcitabien, navelbine, famesyl-protem 
transferase inhibitors, transplatinum, 5-fluorouracil, vincristine, vinblastine and methotrexate, 
Temazolomide (an aqueous form of DTIC), or any analog or derivative variant of the foregoing. 
The combination of chemotherapy with biological therapy is known as biochemoliierapy. 

2. Radiotherapy 

[0206] Other factors that cause DNA damage and have been used extensively 
include what are commonly known as y-rays. X-rays, and/or the directed delivery of 
radioisotopes to tumor cells. Other forms of DNA damaging factors are also contemplated such 
as microwaves and UV-irradiation. It is most likely that all of these factors effect a broad range 
of damage on DNA, on the precursors of DNA, on the replication and repair of DNA, and on the 
assembly and maintenance of chromosomes. Dosage ranges for X-rays range from daily doses 
of 50 to 200 roentgens for prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 
roentgens. Dosage ranges for radioisotopes vary widely, and depend on the half-life of the 
isotope, the strength and type of radiation emitted, and the uptake by the neoplastic cells. 

3. Immunotherapy 

[0207] Immunotherapeutics, generally, rely on the use of immune effector cells and 
molecules to target and destroy cancer cells. The immune effector is, for example, an antibody 
specific for some marker on the surface of a tumor cell. The antibody alone can serve as an 
effector of therapy or it can recruit other cells to actually effect cell killing. The antibody also 
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can be conjugated to a drug or toxin (chemotherapeutic, radionuclide, ridn A chain, cholera 
toxin, pertussis toxin, etc.) and serve merely as a targeting agent. Alternatively, the effector can 
be a lymphocyte carrying a surface molecule that interacts, either directly or indirectly, with a 
tumor cell target Various effector cells include cytotoxic T cells and NK cells. 



a. Passive Immunotherapy 
[0208] A number of different approaches for passive immunotherapy of cancer 
exist They are broadly categorized into the following: injection of antibodies alone; injection of 
antibodies coupled to toxins or chanotherapeutic agents; injection of antibodies coupled to 
radioactive isotopes; injection of anti-idiotype antibodies; and finally, purging of tumor ceUs in 
bone marrow. 

[0209] Preferably, human monoclonal antibodies are employed in passive 
immunotherapy, as they produce few or no side effects in the subject However, their application 
is somewhat limited by their scarcity and have so far only been administered intralesionally. 
Human monoclonal antibodies to ganglioside antigens have been administered intralesionally to 
subjects suffering from cutaneous recurrent melanoma (Me & Morton, 1986). Regression was 
observed in six out of ten subjects, following, daily or weekly, intralesional injections. In 
another study, moderate success was achieved from intralesional injections of two human 
monoclonal antibodies Qne et al, 1989). 

[0210] It can be favorable to administer more than one monoclonal antibody 
directed against two different antigens or even antibodies with multiple antigen specificity. 
Treatment protocols also can include administration of lymphokdnes or other immune enhancers 
as described by Bajorin et al, (1988). The development of human monoclonal antibodies is 
described in further detail elsewhere in die specification. 



b. Active Immunotherapy 
[0211] hi active immunotherapy, an antigenic peptide, polypeptide or protein, or an 

autologous or allogenic tumor cell composition or "vaccine" is admmistered, generally with a 

distinct bacterial adjuvant (Ravindranath & Morton, 1991; Morton & Ravindranath, 1996; 

Morton et al. 1992; Mitchell et al. 1990; Mitchell et al, 1993). hi melanoma immunotherapy, 

those subjects who ehcit high IgM response often survive better than those who elicit no or low 
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IgM antibodies (Morton et al, 1992). IgM antibodies are often transient antibodies and the 
exception to the rule appears to be anti-ganglioside or anticarbohydrate antibodies, 

c. Adoptive Immunotherapy 
[0212] In adoptive immunotherapy, the subject's circulating lymphocytes, or tumor 

infiltrated lymphocytes, are isolated in vitro, activated by lymphokines such as IL-2 or 

transduced with genes for tumor necrosis, and re-administered (Rosenberg et al, 1988; 1989). 

To achieve this, one would administer to an animal, or human subject, an immunologically 

effective amoimt of activated lymphocytes in combination with an adjuvant-incorporated 

antigenic peptide composition as described herein. The activated lymphocytes will most 

preferably be the subject's own cells that were earlier isolated firom a blood or tumor sample and 

activated (or "expanded") in vitro. This form of immunotherapy has produced several cases of 

regression of melanoma and renal carcinoma, but the percentage of responders were few 

compared to those who did not respond. 

4. Genes 

[0213] In yet another embodiment, the secondary treatment is a secondary gene 
therapy in which a second therapeutic polynucleotide is administered before, after, or at the same 
tune a first therapeutic polynucleotide encoding at least one hTRT epitope. Delivery of a vector 
encoding a hTRT epitope in conjunction with a second vector encoding one of the following 
gene products will have a combined anti-hyperprohferative effect on target tissues. 
Alternatively, a single vector encoding both genes is used. A variety of proteins are 
encompassed within the invention, some of which are described below, 

a. Inducers of Cellular Proliferation 
[0214] The proteins that induce cellular profiferation further fall into various 

categories dependent on function. The commonality of all of these proteins is flieir ability to 

regulate cellular proliferation. For example, a form of PDGF, the sis oncogene, is a secreted 

growth fector. Oncogenes rarely arise from genes encoding growth factors, and at the present, 

sis is the only known naturally-occurring oncogenic growth factor, M one embodiment of the 

present invention, it is contemplated that anti-sense mRNA directed to a particular inducer of 

cellular proliferation is used to prevent expression of the inducer of cellular proliferation. 
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[0215] The proteins FMS, ErbA, ErbB and neu are growth factor receptors. 
Mutations to these receptors result in loss of regulatable fiinction. For example, a point mutation 
affecting the transmembrane domain of the Neu receptor protein results in the neu oncogene. 
The erbA oncogene is derived from the intraceUular receptor for thyroid hormone. The modified 
oncogenic ErbA receptor is beUeved to compete with the endogenous thyroid hormone receptor, 
causing uncontrolled growtti. 

[0216] The largest class of oncogenes includes the signal transducing proteins {e.g„ 
Src, Abl and Ras). The protein Src is a cytoplasmic protein-tyrosine kinase, and its 
transformation from proto-oncogene to oncogene in some cases, results via mutations at tyrosine 
residue 527. In contrast, transformation of GTPase protein ras from proto-oncogene to 
oncogene, in one example, results from a valine to glycme mutation at amino acid 12 in the 
sequence, reducing ras GTPase activity. 

[0217] The proteins Jun, Fos and Myc are proteins that directly exert their effects 
on nuclear functions as transcription factors. 



b. Inhibitors of Cellular Proliferation 
[0218] The tumor suppressor oncogenes function to inhibit excessive cellular 
proliferation. The inactivation of these genes destroys their inhibitory activity, resulting in 
unregulated proliferation. The tumor suppressors p53, pl6 and C-CAM are described below. 

[0219] High levels of mutant p53 have been found in many cells transformed by 
chemical carcinogenesis, ultraviolet radiation, and several viruses. The p53 gene is a frequent 
target of mutational inactivation in a wide variety of human tumors and is akeady documented to 
be the most frequently mutated gene in common human cancers. It is mutated in over 50% of 
human NSCLC (HoUstein et al, 1991) and in a wide spectrum of other tumors. 

[0220] The p53 gene encodes a 393-amino acid phosphoprotein that can form 
complexes with host proteins such as large-T antigen and ElB. The protein is found in normal 
tissues and cells, but at concentrations which are minute by comparison with transformed cells or 
tumor tissue 

[0221] Wild-type p53 is recognized as an important growth regulator in many cell 
types. Missense mutations are common for the p53 gene and are essential for the transforming 
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ability of the oncogene. A single genetic change prompted by point mutations can create 
carcinogenic p53. Unlike other oncogenes, however, p53 point mutations are known to occur in 
at least 30 distinct codons, often creating dominant alleles that produce shifts in cell phenotype 
without a reduction to homozygosity. Additionally, many of these dommant negative alleles 
appear to be tolerated in the organism and passed on in the germ Une. Various mutant alleles 
appear to range from minimally dysfimctional to strongly penetrant, dominant negative alleles 
(Wemberg, 1991). 

[0222] Another inhibitor of cellular prohferation is pl6. The major transitions of 
the eukaryotic cell cycle are triggered by cyclin-dependent kinases, or CDK's. One CDK, 
cyclin-dependent kinase 4 (CDK4), regulates progression through the Gl. The activity of this 
enzyme can be to phosphorylate Rb at late Gl. The activity of CDK4 is controlled by an 
activating subunit, D-type cyclin, and by an inhibitory subunit, the pl6INK4 has been 
biochemically characterized as a protein that specifically binds to and inhibits CDK4, and thus 
can regulate Rb phosphorylation (Senrano et al, 1993; Serrano et aL, 1995). Since the pl6INK4 
protein is a CDK4 inhibitor (Serrano, 1993), deletion of this gene can increase the activity of 
CDK4, resulting in hyperphosphorylation of the Rb protein. pl6 also is known to regulate the 
function of CDK6. 

[0223] pl6IISIK4 belongs to a newly described class of CDK-inhibitory proteins 
that also includes pl6B, pl9, p21WAFl, and p27KIPl. The pl6INK4 gene maps to 9p21, a 
chromosome region frequently deleted in many tumor types. Homozygous deletions and 
mutations of the pl6INK4 gene are frequent in human tumor cell lines. This evidence suggests 
that the pl6INK4 gene is a tumor suppressor gene. This interpretation has been challenged, 
however, by the observation that the frequency of the pl6INK4 gene alterations is much lower in 
primary uncultured tumors than in cultured cell lines (Caldas et al, 1994; Cheng et aL, 1994; 
Hussussian et aL, 1994; Kamb et al, 1994; Kamb et aL, 1994; Mori et aL, 1994; Okamoto et aL, 
1994; Nobori et aL, 1995; Orlow et aL, 1994; Arap et aL, 1995). Restoration of wild-type 
pl6INK4 fimction by transfection wifli a plasmid expression vector reduced colony formation by 
some human cancer cell lines (Okamoto, 1994; Arap, 1995). 

[0224] Other genes that can be employed according to the present invention 
include Rb, APC, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-H zacl, p73, VHL, MMACl/PTEN, 
DBCCR-1, FCC, rsk'3, p27, p27/pl6 ftisions, p21/p27 ftisions, antithrombotic genes {e.g.. 
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COX'U TFPI), PGS, Dp, E2F, ras, myc, nm, raf, erb, fins, trk, ret, gsp, hst, abl, ElA, p300, 
genes involved in angiogenesis (e.g., VEGF, FGF, fhrombospondin, BAI-1, GDAIF, or their 
receptors) and MCC. 

c. Regulators of Programmed Cell Death 
[0225] Apoptosis, or programmed cell death, is an essential process for normal 
embryonic development, maintaining homeostasis in adult tissues, and suppressing 
carcinogenesis (Kerr et al, 1972). The Bcl.2 family of proteins and ICE-like proteases have 
been demonstrated to be important regulators and effectors of apoptosis in other systems. The 
Bcl-2 protein, discovered in association with follicular lymphoma, plays a prominent role in 
controlling apoptosis and enhancing cell survival in response to diverse apoptotic stimuU 
(Bakhshi et aL, 1985; Cleary and Sklar, 1985; Cleary et al, 1986; Tsujimoto et al, 1985; 
Tsujimoto and Croce, 1986). The evolutionarily conserved Bcl-2 protein now is recognized to 
be a member of a family of related proteins, which can be categorized as death agonists or death 
antagonists. 

[0226] Subsequent to its discovery, it was shown that Bcl-2 acts to suppress cell 
death triggered by a variety of stimuli. Also, it now is apparent that there is a family of Bcl-2 
cell death regulatory proteins which share in common structural and sequence homologies. 
These different family members have been shown to eittier possess sunilar functions to Bcl-2 
(eg., BclXL, BclW, BclS, McH, Al, Bfl-1) or counteract Bcl-2 function and promote cell death 
{e,g., Bax, Bak, Bik, Bim, Bid, Bad, Haraldri). 

5. Surgery 

[02271 Approximately 60% of persons with cancer will undergo surgery of some 
type, which includes preventative, diagnostic or staging, curative and palliative surgery. 
Curative surgery is a cancer treatment that is used iu conjunction with other therapies, such as 
the treatment of the present invention, chemotherapy, radiotherapy, hormonal therapy, gene 
ther^y, immunotherapy and/or altemative therapies. 

[0228] Curative surgery includes resection in which all or part of cancerous tissue 
is physically removed, excised, and/or destroyed. Tumor resection refers to physical removal of 
at least part of a tumor. In addition to tumor resection, treatment by surgery mcludes laser 
surgery, cryosurgery, electrosurgery, and miscopically controlled surgery (Mohs' surgery). It is 
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further contemplated that the present invention is used in conjunction with removal of superficial 
cancers, precancers, or incidental amounts of normal tissue. 

[0229] Upon excision of part of all of cancerous cells, tissue, or tumor, a cavity is 
formed in the body. Treatment is accomplished by perfusion, direct injection or local apphcation 
of the area with an additional anti-cancer therapy. Such treatment is repeated, for example, every 
1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3, 4, and 5 weeks or every 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
or 12 months. These treatments can be of varying dosages as well. 

6. Other agents 

[0230] It is contemplated that other agents are used in combination with the present 
invention to improve the therapeutic efficacy of treatment. These additional agents include 
immunomodulatory agents, agents that affect the upregulation of cell surface receptors and GAP 
junctions, cytostatic and differentiation agents, inhibitors of cell adhesion, agents that increase 
the sensitivity of the hyperproliferative cells to apoptotic inducers, or other biological agents. 
Immunomodulatory agents include tumor necrosis factor; interferon alpha, beta, and gamma; IL- 
2 and other cytokines; F42K and other cytokine analogs; or Mff-1, MlP-lbeta, MCP-1, 
RANTES, and other chemokines. It is furthier contemplated that the upregulation of cell surface 
receptors or their ligands such as Fas/Fas ligand, DR4 or DR5/TRAIL (Apo-2 ligand) would 
potentiate the apoptotic inducing abilities of the present invention by establishment of an 
autocrine or paracrine effect on hyperproliferative cells. Increases intercellular signaling by 
elevating the number of GAP junctions would increase the anti-hyperproliferative effects on the 
neighboring hyperproliferative cell population. In other embodiments, cytostatic or 
differentiation agents can be used in combination with the present invention to improve the anti- 
hyperproliferative efficacy of the treatments. Inhibitors of cell adhesion are contemplated to 
improve the efficacy of the present invention. Examples of cell adhesion inhibitors are focal 
adhesion kinase (FAKs) inhibitors and Lovastatin. It is further contemplated that other agents 
that increase the sensitivity of a hyperproliferative cell to apoptosis, such as the antibody c225, 
could be used in combination with the present invention to improve the treatment efficacy. 

[0231] Apo2 ligand (Apo2L, also called TRAIL) is a member of the tumor necrosis 
factor (TNF) cytokine family. TRAIL activates rapid apoptosis in many types of cancer cells, 
yet is not toxic to normal cells. TRAILmRNAoccursinawide variety of tissues. Most normal 
cells appear to be resistant to TRAIL'S cytotoxic action, suggesting the existence of mechanisms 
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that can protect against apoptosis induction by TRAIL. The first recq)tor described for TRAIL, 
called death receptor 4 (DR4), contains a cytoplasmic "death domain"; DR4 transmits the 
apoptosis signal carried by TRAIL. Additional receptors have been identified that bind to 
TRAIL. One receptor, called DR5, contains a cytoplasmic death domain and signals apoptosis 
much like DR4. The DR4 and DR5 mRNAs are expressed in many normal tissues and tumor 
cell lines. Recently, decoy receptors such as DcRl and DcR2 have been identified that prevent 
TRAIL firom inducing apoptosis through DR4 and DR5. These decoy receptors thus represent a 
novel mechanism for regulating sensitivity to a pro-apoptotic cytokine directly at the cell's 
surface. The preferential expression of these mhibitory receptors in normal tissues suggests that 
TRAIL can be usefiil as an anticancer agent that induces apoptosis in cancCT cells while sparing 
normal cells, (Marsters et al, 1999). 

[02321 There have been many advances in the tiierapy of cancer following the 
introduction of cytotoxic chemotherapeutic drugs. However, one of the consequences of 
chemotherapy is the development/acquisition of drug-resistant phenotypes and the development 
of multiple drug resistance. The development of dmg resistance remains a major obstacle in the 
treatment of such tumors and therefore, there is an obvious need for alternative approaches such 
as gene therapy. 

[0233] Another form of therapy for use in conjunction with chemotherapy, 
radiation therapy or biological ttierapy includes hyperthemiia, which is a procedure in which a 
subject's tissue is exposed to high temperatures (up to 106T). External or internal heating 
devices are involved in the application of local, regional, or whole-body hyperthermia. Local 
hyperthermia involves the appUcation of heat to a small area, such as a tumor. Heat is generated 
externally with high-fi-equency waves targeting a tumor from a device outside the body. Internal 
heat involves a sterile probe, including thin, heated wires or hollow tubes filled with warm water, 
implanted microwave antennae, or radiofirequency electrodes. 

[0234] A subject's organ or a limb is heated for regional therapy, which is 
accomplished using devices that produce high energy, such as magnets. Alternatively, some of 
the subject's blood is removed and heated before being perfiised into an area that will be 
internally heated. Whole-body heating is also unplemented in cases where cancer has spread 
throughout the body. Warm-water blankets, hot wax, inductive coils, and thermal chambers are 
used for this purpose. 
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[0235] Hormonal therapy is also used in conjunction with the present invention or 
in combination with any other cancer therapy previoxisly described. The use of hormones is 
employed in the treatment of certain cancers such as breast, prostate, ovarian, or cervical cancer 
to lower the level or block the effects of certain hormones such as testosterone or estrogen. This 
treatment is often used in combination with at least one other cancer ther^y as a treatment 
option or to reduce the risk of metastases. 

VII. Formulations and Routes for Administration to Subjects 

[0236] Where clinical applications are contemplated, it will be necessary to prepare 

pharmaceutical compositions -niucleic acids, expression vectors, proteins or cells- in a form 

appropriate for the intended application. Generally, this entails preparing compositions that are 

essentially j&ee of pyrogens, as well as other impurities that could be harmful to humans or 

animals. 

[0237] One will generally desire to employ appropriate salts and buffers to render 
delivery vectors stable and allow for uptake by target cells. Buffers also will be employed when 
recombinant cells are introduced into a subject. Aqueous compositions of the present invention 
comprise an effective amount of the vector to cells, dissolved or dispersed in a pharmaceutically 
acceptable carrier or aqueous medium. Such compositions also are referred to as inocula. The 
phrase pharmaceutically or pharmacologically acceptable refers to molecular entities and 
compositions that do not produce adverse, allergic, or other untoward reactions when 
administered to an animal or a human. A pharmaceutically acceptable carrier includes any and 
all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents and the like. The use of such media and agents for pharmaceutically 
active substances are well know in the art. Except insofar as any conventional media of agent is 
incompatible with the vectors or cells of the present invention, its use in ther^eutic 
compositions is contemplated. Supplementary active ingredients also can be incorporated into 
the compositions. 

[0238] The active compositions of the present invention includes classic 
pharmaceutical preparations. Administration of these compositions according to the present 
invention will be via any common route so long as the target tissue is available via that route. 
This includes oral, nasal, buccal, rectal, vaginal or topical. Alternatively, administration is by 
orthotopic, intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous injection. 
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Such compositions would nonnally be administered as pharmaceutically acceptable 
compositions, described supra. 

[0239] The pharmaceutical fonns suitable for injectable use include sterile aqueous 
solutions or dispersions and sterile powders for the extemporaneous preparation of sterile 
mjectable solutions or dispersions. In all cases the form must be sterile and must be fluid to the 
extent that easy syringabiUty exists. It must be stable under the conditions of manufacture and 
storage and must be preserved against the contaminating action of microorganisms, such as 
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example, 
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, 
and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be 
maintained, for example, by the use of a coating, such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. The prevention of 
tiie action of microorganisms can be brought about by various antibacterial an antifungal agents, 
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many 
cases, it will be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 

[0240] For oral administration, the compositions of the present invention are 
incorporated with excipients and used in the form of non-ingestible mouthwashes and 
dentifrices. A mouthwash is prepared incoiporating the active ingredient in the required amount 
in an appropriate solvent, such as a sodium borate solution (DobelFs Solution). Altematively, 
the active ingredient is incorporated into an antiseptic wash containing sodium borate, glycerin 
and potassium bicarbonate. The active ingredient also is dispersed in dentifrices, including: gels, 
pastes, powders and slurries. The active ingredient is added m a therapeutically effective amount 
to a paste dentifrice that includes water, binders, abrasives, flavoring agents, foaming agents, and 
humectants. 

[0241] The compositions of the present invention are formulated in a neutral or salt 
form. Phaimaceutically-acceptable salts include the acid addition salts (formed with the free 
amino groups of the protein) and which are formed with inorganic acids such as, for example, 
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic, and 
the Uke. Salts formed with the free carboxyl groups can also be derived from inorganic bases 
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such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. 

[0242] Upon formulation, solutions will be administered in a manner compatible 
with the dosage formulation and in such amount as is tiierapeutically effective. The formulations 
are easily administered in a variety of dosage forms such as injectable solutions, drag release 
capsules and the like. For parenteral administration in an aqueous solution, for example, the 
solution should be suitably buffered if ftecessary and the liquid diluent first rendered isotonic 
with sufficient saline or glucose. These particular aqueous solutions are especially suitable for 
intravenous, intramuscular, subcutaneous and intraperitoneal administration. In this connection, 
sterile aqueous media, which can be employed will be known to those of skill in the art in Ught 
of the present disclosure. For example, one dosage could be dissolved in 1 ml of isotonic NaCl 
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site of 
infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035- 
1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the 
condition of the subject being treated. The person responsible for administration will, in any 
event, determine the appropriate dose for the individual subject. Moreover, for human 
administration, preparations should meet sterihty, pyrogenicity, general safety and purity 
standards as required by FDA Office of Biologies standards. 

Vin. Examples 

[0243] The following examples are included to demonstrate preferred 
embodiments of the invention. It should be appreciated by those of skill in the art that the 
techniques disclosed in the examples which follow represent techniques discovered by the 
inventor to function well in the practice of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in the art should, in Ught of the present 
disclosure, appreciate that many changes can be made in the specific embodiments which are 
disclosed and still obtain a like or similar result without departing firom the spirit and scope of 
the invention. 

Example 1 
Generation of a retrogen 
[0244] cDNA fi-om the mRNA of prostate tumor cells (DU145) were generated by 

cDNA synthesis kits (CLONTECH). cDNA with sizes of 400 bp or higher were digested with 

Sau3A I (Bio-Lab) after firactionation with SizeSepTM 400 columns (Amersham Pharmacia 
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Biotech) and inserted into the BamH I-cut pSBFc-DS. Ligated DNA was then transfoimed into 
E, coli, and library quality was confirmed by examining dozens of individual clones with 
dififerent insert sizes and DNA sequences. Individual colonies were then cultured individually 
and pooled for the isolation of plasmid DNA. Recombinant retroviral retrogen vectors (pools) 
were generated by transfection of the plasmid DNA pools into packaging cells with GeneJammer 
(Stratagene). Two or three days later, the culture mediimi containing the retroviral vectors was 
harvested, filtered, and then used for DC transduction or stored at -SO^'C. 

Example 2 
Cell lines and blood donors 
[0245] Prostate cancer cell line (LNCaP-FGC), breast cancer cell Unes (BT-474 

and MDA-MB231), melanoma cell lines (SK-MEL37 and NA-6-MEL), human leukemia cell 

lines (HL-60 and Jurkat), and the hTRT-negative cell line GM847 were firom ATCC. HLA 

typing of peripheral blood donors and tumor lines was performed by PCR-SSP DNA-based 

procedures in the HLA, Flow and Diagnostic Immunology Laboratory of the Methodist Hospital 

(Houston, TX). Peripheral bloods were obtained firom adult healthy donors with their consent 

(donor B15; B24; B22; B14; B16; and BOS). 

Example 3 
Transduction of cells 
[0246] Human CD34+ cells were isolated firom the umbilical cord blood of healthy 

neonates by using a CD34 isolation kit (Miltenyi Biotec). Naive CD4-h/CD45RA+ T-cells were 

also isolated fi-om the same cord blood. CD34+ cells were cultured and expanded in 

StemSpanTM SFEM (StemCell Technologies) medium in the presence of 80 ng/ml Flt-3 ligand, 

too ng/ml SCF, 10 ng/ml IL-3, 20 ng/ml IL-6, 30 ng/ml TPO, and 25 ng/ml low density 

lipoproteins (R&D Systems and BioSources International). For retroviral transduction, CD34+ 

cells were placed in 24-well plates precoated with recombinant human fibronectin fi-agment 

(PanVera) at 2.5-5x10^ cells/well in the retroviral supernatant supplemented with 80 ng/ml Flt-3 

ligand, 100 ng/ml SCF, 10 ng/ml IL-3, and 20 ng/ml IL-6 overnight. After 2-3 consecutive 

transductions, the cells were transferred into new 24-well plates and cultured in SFEM 

supplemented with GM-CSF (1000 U/ml, Immunex) and IL-4 (5 r^g/ml, BioSource hitemational) 

for 6-8 days for (dendritic cell) DC differentiation. Mature DCs were then generated by adding 

TNF-a (25 ng/ml, R&D Systems) for 24-48 hr. DC Phenotypes were examined by staining with 

PE-conjugated anti-HLA-DR, -CD40, -CD54, -CD80, -CD83 and -CD86 mAbs (PharMingen). 
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Example 4 
PBMC-derived DC culture 
[0247] Human dendritic cells (DC) were prepared (Schroers et al, 2000). Briefly, 

PBMCs were isolated by FicoU-Hypaque gradient centrifugation (Pharmacia), washed in 

phosphate-buffered salme (PBS), and resuspended in serum-free DC medium (CellGenix). After 

adherence to plastic for 2 hours, the adherent cell fraction was cultured in serum-free DC 

medium with 1,000 lU/ml recombinant human GM-CSF (rhGM-CSF; R&D Systems) and 1,000 

rU/ml rhIL-4 (R&D Systems). On day 5, DC were matured by stimulating with a cytokine 

cocktail consistuig of recombinant human tumor necrosis factor alpha (rhTNF-a; 10 ng/ml, R&D 

Systems), rhIL-lp (1,000 ng/ml, R&D Systems), rhIL-6 (10 ng/ml, R&D Systems), and 

prostaglandin E2 (PGE2; 1 |ig/ml, Sigma). (Jonuleit et al, 1997). 

Example 5 
Antigen pulsing of DC 
[0248] Tumor cells (5x10^) were washed twice with PBS, resuspended in 2 ml of 

DC culture medium, and then lysed by 5 freeze-thaw cycles. The cells were sonicated for 10 

minutes and then centrifuged at 15,000 g for 30 min (4°C). Supernatant was recovered, aliquoted 

and stored at -70®C until furflier use. 20 ul of the supernatant were added to a total of 5x10^ DC 

in 500 ul of DC culture medium. Proteins or peptides were then added to the DC culture at 

different concentrations. After overnight incubation, the pulsed DC were careftiUy washed with 

PBS and irradiated with 40 Gy prior to coculture with T cells. 

Example 6 
Jn vitro priming of naive T cells 
[0249] The MF-DS retroviral vector coexpressed the MAGE-3 (a known class 11- 

restricted tumor antigen)-Fc retrogen (MF) (Chaux et al, 1999; You et al, 2001) and DC-SIGN, 

while the HF-DS retroviral vector coexpressed a Hepatitis B virus e retrogen (HBe-Fc) (You et 

al, 2000) and DC-SIGN. Cord blood was used as a source of autologous CD34+-derived DC 

andCD4+T-cells. 

[0250] To prime naive CD4+ T-cells, cord blood CD34+ cells were transduced by 
the retroviral vector MF-DS or HF-DS and differentiated into DC. Mature DC (1 x lOVweU) 
were then cocultured with autologous naive CD4+/CD45RA+ T cells (1 x lOVwell). After two 
weeks of co-culture with re-stimulation, CD4+ T cell responses were assessed by analysis of 
[^H]-thymidine incorporation and IFN-y secretion, after re-stimulation with autologous DC 
transduced with MF-DS. CD4+ T cells primed by MF-DS-transduced DC were stimulated with 
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autologous DC transduced with MF-DS, HF-DS or untransduced DC. CD4+ T ceUs primed by 
MF-DS-transduced DC were stimulated with autologous DC pulsed with recombinant MAGE-3 
and irrelevant HBe/cAg proteins (10 ng/ml) (You et al. 2001). 

[0251] The data showed that CD4+ T-cells primed by the MF-DS-transduced DC 
actively proliferated and produced high levels of IFN-y when stunulated with MF-DS-transduced 
DC (FIG. 1). These responses were specific, since MF-DS-transduced DC did not stimulate 
CD4+ T-cells primed by DC transduced with the irrelevant HBe-Fc retrogen (You et al, 2000) 
or naive T-ceUs, and the CD4+ T-cells primed by MF-DS-transduced DC did not respond to DC 
transduced with the irrelevant HBe-Fc retrogen (FIG. 1). Moreover, the CD4+ T-cells primed by 
MF-DS-transduced DC responded to recombinant MAGE-3-pulsed autologous DC, but not to 
DC pulsed with the recombinant proteins HBe/cAg (FIG. 1). These results indicate that 
transduced DC coexpressing a retrogen and DC-SIGN can efficiently prime antigen-specific 
naive human CD4+ T-cells in vitro. 

Example 7 
DC-based immunogenic Screening 
[0252] DC-based immunogenetic screenmg approach was used to identify 

unknown class n-restricted TAA from a tumor retrogen Ubrary. 

[0253] After several rounds of screening of 12,000 individual clones in the library, 
two sub-pools (5-VI-C and -D) containing genes capable of stimulating CD4+ T-cells were 
identified. The 40 individual clones in the sub-pools 5-VI-C and -D were individually 
transduced into autologous CD34+-derived DC. The responses of T-cells (2x10^) primed by the 
pool 5-transduced DC were examined with a [^-thymidine incorporation assay after 
stimulation with autologous DC (2x10^*) transduced with individual clones. 

[0254] FIG. 2A shows that clones 8 and 35 induce strong T-cell response. 

Example 8 
Antibody blocidng 

[0255] The T ceUs primed by the pool 5-transduced DC (2x10^) were co-cultured 
with autologous DC (2x10'*) transduced with clone 8, 35, negative clone 12. or irrelevant HBeAg 
(You et al., 2000) in the presence or absence of anti-CD4 antibodies (30 mg/ml). Two days 
later, IFN-y release in the T-cell cultures was examined by ELISA (R&D Systems). 
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[0256] Thus, anti-CD4 antibody blocking experiments demonstrated tiiat the T-cell 
responses were mediated by CD4+ T-cells (FIG. 2B). 

Example 9 
DNA sequencing and hTRT identification 
[02571 DNA sequencing of clones 8 (SEQ.ID.NO.l) and 35 (SEQ.ID.N0.2) 

revealed an open reading frame (ORF) in clone 8 that encodes a 291 amino acid (aa) residue 

polypeptide (SEQ.ID.N0.3) and an ORF in clone 35 that encodes a 171 aa polypeptide 

(SEQ.E).N0.4) (FIG. 2C). By BLAST searching, the two clones were found to be 100% 

homologous with portions of the human telomerase reverse tonscriptase QiTRT) (Nakamura et 

al, 1997) (FIG. 2C). Neither of the two clone sequences harbored a mutation. Thus, by 

screening the tumor retrogen library, a class Il-restricted TAA candidate was identified, hTRT. 

[0258] By analysis with TEPITOPE, a T cell epitope prediction program (Manici et 
al, 1999), Table 1 shows class-E-restricted epitopes in the clone 8 and 35 sequences of hTRT 
that were predicted to bind HLA DR3, DR4, and DR7 at the 3% prediction threshold. 

TABLE 1 
hTRT Peptides 

LHWLMSVYWELLRS (SEQ.ID.N0.17, T545) 
LFFYRKSVWSKLQSI (SEQ.ID.N0.18, T573) 
TSRLRFPKPDGLRP (SEQ.ID.N0.19, T618) 
RPGLLGASVLGLDDI (SEQ.ID.NO.20, T672) 
FAGIRRDGLLLRLVD (SEQ.ID.N0.21, T844) 
YGCWNLRKTWNFP (SEQ.ID.N0.22, T894) 
GTAFVQMPAHGLFPW (SEQ.ID.N0.23, T916) 
WCGLLLDTRTLEVQS (SEQ.ID.N0.24, T930) 
AKTFLRTLVRGVPEY (SEQ.ID.N0.25, T880) 
RPIVNMDYWGARTFRREKR (SEQ.ID.N0.26, T631) 
LYFVKVDVTGAYDT (SEQ.ID.N0.27, T706) 
CHSLFLDLQVNSLQT (SEQ.ID.N0.28, T983) 
AKFLHWLMSVYVVEL (SEQ.ID.N0.29) 
LMSVYWELLRSFFY (SEQ.ID.NO.30) 
MSVYWELLRSFFYV (SEQ.ID.N0.31) 
YWELLRSFFYVTET (SEQ.1D.N0.32) 
VELLRSFFYVTETTF (SEQ.ID.N0.33) 
SFFYVTETTFQKNRL (SEQ.ID.N0.34) 
KNRLFFYRKSVWSKL (SEQ.ID.N0.35) 
KSVWSKLQSIGIRQH (SEQ.ID.N0.36) 
WSKLQSIGIRQHLKR (SEQ.ID.N0.37) 
QSIGIRQHLKRVQLR (SEQ.rD.NO.38) 
SIGIRQHLKRVQLRE (SEQ.ID.N0.39) 
RQHLKRVQLRELSEA (SEQ.ID.NO.40) 
RPALLTSRLRFIPKP (SEQ.1D.N0.41) 
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PDGLRPIVNMDYWG (SEQ.ID.N0.42) 
LRPIVNMDYWGART (SEQ.rD.NO.43) 
RPIVNMDYWGARTF (SEQ.ID.N0.44) 
NMDYWGARTFRREK (SEQ.ID.N0.45) 
ARTFRKBKRAERLTS (SEQ.E).N0.46) 
AERLTSRVKALFSVL (SEQ.ID.N0.47) 
VKALFSVLNYERARR {SEQ.ID.N0.48) 
LFSVLNYERARRPGL (SEQ.ID.N0.49) 
ASVLGLDDIHRAWRT (SEQ.DD.NO.SO) 
HRAWRTFVLRVRAQD (SEQ.ID.N0.51) 
WRTFVLRVRAQDPPP (SEQ.ID.N0.52) 
VLRVRAQDPPPELYF (SBQ.ID.N0.53) 
ELYFVKVDVTGAYDT (SEQ.ID.N0.54) 
TYCVRRYAWQKAAH (SEQ.ID.N0.55) 
VRRYAWQKAAHGHV (SEQ.ID.N0.56) 
HGHVRKAFKSHVSTL (SEQ.ro.NO.57) 
RKAFKSHVSTLTDLQ (SEQ.ro.NO.58) 
LTDLQPYmQFVAHL (SEQ.ro J«T0.59) 
QPYMRQFVAHLQETS (SEQ.ro.NO.60) 
TSPLRDAWIEQSSS (SEQ.ro.N0.61) 
RDAWIEQSSSLNEA (SEQ.ro.NO.62) 
SGLFDVPLRFMCHHA (SEQ.ro.NO.63) 
LFDVFLRFMCHHAVR (SEQ.ro.NO.64) 
FDVFLRFMCHHAVRIRGK (SEQ.ro.NO.65) 
HHAVRIRGKSYVQCQ (SEQ.ro.NO.66) 
GKSYVQCQGIPQGSI (SEQ.ro.NO.67) 
RDGLLLRLVDDFLLVTP (SEQ.ro.NO.68) 
DFLLVTPHLTHAKTFLRTLV (SEQ.ro.NO.69) 
KTFLRTLVRGVPEYG (SEQ.ro.NO.70) 
AHGLFPWCGLLLDTRTLEVQ (SEQ.ro.N0.71) 
TLEVQSDYSSYARTSEIAS (SEQ.ro.NO.72) 
QSDYSSYARTSIRAS (SEQ.ro.NO.73) 
RTSIRASLTFNRGFBL/VGRNM (SEQ.ro.NO.74) 
RRKLFGVLRLKCHSLFLD (SEQ.ro.NO.75) 
HSLFLDLQVNSLQTVCTNIY (SEQ.ro.NO.76). 
RTSIRASLTFNRGFK (SEQ.ro.NO.77, T951) 



[0259] The purity of the peptides was >90% by HPLC. Synthetic peptides were 
reconstituted in distilled water or DMSO at a concentration of 5 \ig/ml. 
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Example 10 

Peptide T-cell proliferation assay and T-ceU clone establishment 
[0260] Donor's peripheral blood mononuclear cells (PBMCs) were plated in 96- 

well plates (Costar) at 200,000 cells/well in AIM-V media (Gibco). Peptides were added into 

each well at the concentration of 20 jig/ml. After a week of incubation, the culture medium was 

removed and ceUs were resuspended in AIM-V media, seeded onto test plates and re-stunulated 

with autologous irradiated (2,000 - 6,000 rads) PBMC pulsed with the same peptides used in the 

primary stimulation (20 p-g/ml). On day 2 of the re-stimulation, [^H] -thymidine (1 uCiAvell) was 

added to the test plates, and its incorporation by T-cells was measured on day 3. Wells were 

scored as positive if the mean cpm for peptide-pulsed PBMC exceeded cpm for PBMC not 

exposed to peptides by at least 2.5 times. T-cell clones were estabUshed from positive T-cell 

lines by limiting dilution. 

[0261] As summarized m FIG. 3 A - FIG. 3L, four peptides (T573, T672, T880, 
and T916) elicited prolifemtive T-cell responses fix)m the donors' T-cells, and therefore are class 
n-restricted epitopes. 

[0262] ['*H]-thymidine incorporation of different individual T-cell clones was 
measured after re-stimulation with autologous PBMC in the presence or absence of T916 (20 
^ig/ml) (FIG 4B). Most T-cell clones strongly responded to aiitologous T916-pulsed PBMC 
with stimulation indexes ranging from 9 to 120 (FIG. 4B). 

[0263] Two individual T-cell clones were generated from hTRT672-reactive T-cell 
lines from donors. 

Example 11 
Specificity of T-cell responses 
[0264] The T916-positive T-cell clone, T631-positive T-cell or T672-positive T- 

cell (2 X 10"^ cells/well) were re-stimulated with autologous PBMC-derived DC (1 x 10^ /well) 

(Zhou et al, 1996) pulsed with T916, T631, T672 or irrelevant 15-mer peptides derived from 

HER-2 (SEQ.ID.N0.78, LSTDVGSCTLVCPLH) and EBV (SEQ.ID.N0.79, 

AYFMVFLQTHIFAEV) at the same concentration of 20 jig/ml in the presence of anti-HLA-DR 

(G46.4), anti-HLA-ABC (class I, G46.2.6), anti-CD4, or anti-CD8 (20 p,g/ml, BD PharMingen). 

48-72 hr later, GM-CSF release and [^H]-thymidine incorporation of the T-cells were measured. 
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[0265] The T-cell responses to T916 were inhibited by anti-HLA-DR and anti-CD4 
antibodies, but not by anti-HLA-ABC (class I) and anti-CD8 antibodies, indicating that the 
observed responses were both CD4- and HLA-DR-restricted (FIG. 4C). The T-cell response was 
specific, because the T-cells did not respond to stimulation with irrelevant 15-mer peptides 
derived from HER-2 or Esptein-Bair virus (EBV) (FIG. 4C). Moreover, the T-cells responded to 
autologous PBMC pulsed with T916 in a dosage-dq)endrait manner. 

[0266] The responses of hTRT672 T-cells to the hTRT672 peptide were inhibited 
by an anti-HLA-DR antibody, but not by anti-HLA-ABC and anti-HLA-DQ antibodies, 
indicating that the observed response was HLA-DR-restricted. The T-ceU response was specific, 
since the T-cells did not respond to stimulation with irrelevant 15-mer peptides derived from 
HER-2 or with the peptide hTRT916 (FIG. 5). 

[0267] The primed T-cells did not responded to irrelevant 15 mer peptides from the 
EBV nuclear antigen 1 or from different hTRT sequence (hTRT573) (FIG. 6), indicatmg that the 
T-cell responses were specific. The responses of the T-cell clone to the HTRT631 peptide were 
also inhibited by anti-HLA-DR, anti-HLA class E antibodies, but not by anti-HLA-ABC (class I) 
and anti-HLA-DQ antibodies, indicating that the observed T-cell response was HLA-DR- 
restricted. 

[0268] Thus, the above data iUustrate that the T916, T631 and T672 are MHC-H 
restricted epitopes. 

Example 12 
Peptide titration 

[0269] To evaluate the avidity of hTRT916 and hTRT672 T-cell clones for their 
ligands, peptide titration curves were generated with autologous PBMCs. The maximal cell 
proliferation of the hTRT916 T-cell clone was obtamed at a peptide concentration of 10 ng/ml, 
compared with only at a peptide concentration of 1 ng/ml for the hTRT672 T-cell clone (FIG. 7). 
Thus, it is evident that the TCR of the hTRT672 T-cell clone exhibited higher avidity than the 
hTRT916 T-cell clone. 

[0270] Yet fixrther, the avidity of the hTRT63 1 T-cell clone for its ligand was also 
evaluated. Peptide titration curves were generated witii autologous PBMCs. The half maximal 
cell proliferation of the hTRT631 T-ceU clone was obtained at a peptide concentiation of 0.1 
Hg/ml (FIG. 8). 
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Example 13 
Flow cytometric Analysis 
[0271] The T-cell clone was double-stained with anti-humaa CD4-FITC and CDS- 

PE antibodies or isotype controls (mouse IgG-FITC and IgG-PE) (BD PharMingen). The cells 

were then examined by flow cytometric analysis (Chen et aL, 1997). More than 99% of the T- 

cell population were CD4-positive. Flow cytometric analysis verified that the T-cell clones were 

exclusively CD4-positive (FIG. 9A and FIG. 9B). Similar results were obtained &om four 

different T916-specific T-cell clones. Taken together, the findings indicate that HLA-DR7- 

restricted epitopes reside in clones 8 and 35 and induce hTRT-specific human CD4+ T-cell 

responses. 

Example 14 
T-cell recognition of natively processed hTRT 
[0272] A recombinant hTRT protein and an irrelevant Neu protein were produced 

and used to pulse PBMC-derived DC. Recombinant hTRT and Neu(extracellular domain)-Fc 

fusion proteins were produced in SF9 insect cells by use of a baculovirus expression system 

(Gibco), purified by affinity binding to Protein A (Sigma), and tested by Westem blot analysis 

with anti-hTRT (Santa Cruz) or anti-Neu (Oncogene) antibodies, respectively. 

[02731 The T916-specific T-cells, T631.specific T-cells or T672-specific T-cells 
(2xl0Vwell) were stimulated with irradiated autologous PBMC-derived DC (Zhou et al, 1996) 
(1x10 /well) pulsed wifli recombinant hTRT-Fc proteins (1 fig/ml) in the presence or absence of 
anti-HLA-DR antibodies (20 jtg/ml). The T-cell clones were also stimulated with DC pulsed 
with irrelevant recombinant Neu-Fc proteins (1 ^g/mi). Recombinant hTRT Fc fusion proteins 
and Neu (extracellular domain)-Fc proteins were produced firom transfected mammalian cells, 
purified with a Protein-A purification kit (Pierce), and confirmed by Westem blot analysis with 
anti-hTRT (Santa Cruz) or anti-Neu (Oncogene) antibodies. 48 hr later, [^H]-thymidine 
incorporation of the T-cells was then measured, 

[0274] The T916-specific T-cells were found to recognize the hTRT proteins after 
processing and presentation by autologous DC, as demonstrated by active T-cell proUferation. 
By contrast, the T-cells did not respond to the irrelevant protein Neu presented by autologous 
DC. 

[0275] The hTRT631 T-cell clone recognized the hTRT protein after processing 
and presentation by autologous DC, as demonstrated by active T-cell prohferation and the 
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secretion of GM-CSF. By contrast, the T-cell clone did not respond to the irrelevant Neu-Fc 
proteins presented by autologous DC. The T-cell response was inhibited by anti-HLA-DR 
antibodies. 

[0276] As shown in FIG. 10, the hTRT672 T -cell clone recognized the hTRT 
protein after processing and presentation by autologous DC. 

[0277] These results indicate that the synthetic peptide sequences, T916, T672 and 
T631, are recognized by the CD4+ T-cells and are processed. 

Example 15 
T-cell direct responses to hTRT-positive cells 
[0278] The T-cells (SxloVwell) were co-cultured with the irradiated HLA- 

DR7+/hTRT+ LCL cells (lxlO%ell) in the presence or absence of the anti-HLA-DR antibody 

(20 |ig/ml). IFN-Y production of the T-cells was monitored by ELISPOT assay and cell 

proliferation was measured by [^H]-thymidine incorporation compared with anti-DR sample. 

[0279] The T916-specific CD4+ T-cells responded to the hTRT+/DR7+ LCL, as 
demonstrated by active proliferation and production of INF-y. The T-cell response was 
drastically inhibited by the anti-HLA-DR antibody. In addition, the CD4+ T-cells did not 
responded to different class 11 genotypic hTRT+ LCL (DR3+). Thus, these results indicate that 
the CD44- T-cells directly recognize hTRT peptide/MHC class II complexes on the surface of 
transformed cells. 

Example 16 
Frequency of hTRT-specific T-cells 
[0280] The frequency of hTRT-specijSc CD4+ T-cells in humans was assessed. It 

is suggested that CD4+ T-cells that recognize hTRT (self antigen) are largely clonally deleted 

during T-cell thymic selection. 

[0281] T-cell precursor frequencies in HLA-DR7+ donors were calculated as the 
numbers of positive wells divided by the total numbers of T-cells in all wells tested. The T-cell 
precursor frequencies were 0.2-0.6 x 10"^ for T573, 0.2-0.6 x 10'^ for T672, 0.3-0.5 x 10^ for 
T880, and 0.1-0.5 x 10"^ for T916. The hTRT precursor frequencies are comparable to published 
frequencies for other self-antigens (Zhang et al, 1994). Taken together, the data suggest that 
hTRT-specific CD4+ T-cell responses are readily induced and that precursors of hTRT-specific 
CD4+ T-cells are part of the normal human T-cell repertoire. 
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Example 17 

CI>4+ T-Cell Response Against Various Tumors 
[02821 CD4+ T-cells react with antigen presenting cells (APCs) that take up and 

process iJie tumor antigen protein from apoptotic and dead tumor cells. Thus, the capacity of the 

hTRT672-reactive CD4+ T-cells clones to become activated when cocultured with APCs pulsed 

with lysates from different tumor types was tested. 

[02831 The liTRT672 T-cell clones (2.5xlO'*/well) were stimulated with autologous 
DC (2.5xl0^/well) pulsed with hTRT-positive tumor lysates, including the prostate tumor line 
LNCaP-FGC, breast tumor lines (BT-474 and MDA-MB231), melanoma lines (SK-MEL37 and 
NA.6-MEL), and leukemia lines (HL-60 and Juikat), or hTRT-negative cell lysate (GM847). 
GM-CSF release and [^-thymidine incorporation by the T-cells was measured. 

[02841 As shown in FIG. 11 A and UB, the T-cells proliferated and secreted GM- 
CSF after stimulation with each of hTRT+ tumors of different tissues and organs, including 
prostate cancer (LNCaP-FGC), breast cancer (BT-474 and MDA-MB231), melanoma cell lines 
(SK-MEL37 and NA-6-MEL), but not to the stimulation with the hTRT-negative cells (GM847). 
This result indicates that the hTRT672 T-cells broadly recognize the hTRT epitope derived from 
tumors of diflferent tissues and organs. 

Example 18 
Generation of adenoviral vectors 
[02851 The replication defective (El and E3 deletions) adenoviral (Ad5) vector 

(Quantum Biotechnology, Toronto, Canada) was used to generate retrogen adenoviral vectors. 

The entire expression cassette (CMV promoter-shTRT-Fc-PolyA) derived from the LNC- 

shTRT-Fc vectorl was inserted into a transfer vector, and the resultant recombinant adenovirus 

ad-shTRT-Fc was generated according to the manufacturer's instruction. 

[0286] Briefly, the transfer vector containing the shTRT-Fc and a homologous 
recombination sequence, was cotransfected with a partial sequence of the Ad5 genome into QBI- 
293A cells. Upon recombination, tiie El gene is lost from the viral DNA. However, QBI-293A 
cells contain the Ad5 El gene inserted into the chromosome and infectious adenovirus is 
produced using El in trans. Cells are overlayed with agarose, and plaques are purified, 
amplified, and then screened by PGR of viral lysates. After screening, each positive clone is 
tested for expression of recombinant protein and viral production. Control recombinant 
adenoviral vectors, ad-hTRT (racpressmg the native hTRT) and ad-eGFP, were also generated. 
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Example 19 

Efficient fransduction of human monocyte-derived DCs by adenoviral vectors 

[0287] Human monocyte-derived DCs were generated. Briefly, PBMCs isolated 
by Ficoll-Hypaque gradient centrifugation of buffy coats from healthy donors were washed three 
times in PBS and resuspended in RPMI-1640 with 10% FCS. The cells were allowed to adhere 
differentially in a volume of 25 ml (2-3 x 10** cells/ml) to 150-cm^ plastic tissue culture flasks for 
one hour at ^TC in humidified 5% CO2. The non-adherent cells were removed by rinsing three 
times with PBS. Remaming adherent cells were harvested and cultured at a density of 1 x 10^ 
cells/ml in complete RPMI medium. 800 U/ml human recombinant GM-CSF and 500 U/ml 
human rIL-4 (Biosource International) (R&D Systems) were added to the culture medium. At 
different times of culture, the cells were recovered by vigorous washing with 0.02% EDTA in 
PBS. Titrated virus stocks were thawed at 'iTC, and transductions of DCs were performed using 
MOIs ranging from 1 to 1,000. Recombinant adenovirus was added to DC cultures on different 
days at an estimated MOI of 10-1,000 and the plates were centrifuged at 1,000 x g for 90 
minutes. Two days after transfection, eGFP expression in DCs was analyzed by flow cytometry 
and over 90% of DCs wwe eGFP positive when infected with adenoviral vectors at an MOI of 
SOOorhi^er. 

Example 20 

To evaluate anti-tumor activity of retrogen-DCs in mice 
(02881 A TC-1 tumor cell line, which was generated by cotransforming primary 

lung cells of C57BL/6 mice with hTRT and activated ras oncogene, is used. 

[0289] C57BL/6 mice (4-6 weeks old) in several groups are immunized with DCs 
transfected with shTRT-Fc or different control vectors by different routes (intradermal, 
subcutaneous, and intravenous) one to three times at two week intervals. Transfected DCs with 
or without TNF- maturation are used to evaluate anti-tumor activity. Two weels after the last 
immunization, the mice are inoculated with the hTRT expressing tumor cells TC-1 (3-5 x 10^) by 
sc injection over the flank. Tumor development are observed and measured by caliper in three 
dimensions to determine the incidence of tumors, volumes, and growth curves of tumors that 
develop in different groups. 

Example 21 
Inhibition of tumor growth 
(0290] C57BL/6 mice (6-8 each group) are inoculated with the hTRT-TC-1 cells 

(0.2-5 X 106) by subcutaneous injection over the flank. After tumor growth, the mice are divided 
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into different groups and immunized with DCs transfected with different constructs. Different 
administration routes, including intradermal, subcutaneous, and intravenous, are evaluated. 
Also, different numbers of DCs for each injection (0.1-5 x 10^) and different injection 
frequencies (1-3 times at two week intervals) are evaluated. After the treatment, tumor 
development are observed and measured by caliper in three dimensions to determine the tumor 
volumes, growth curves, and animal survival 

Example 22 
Inhibition of metastases 
[0291] C57BL/6 mice are injected intravenously via the tail vein with 1-5 x 10^ 

TC-1 cells. One week later, the mice are treated with DCs transfected with different constructs. 

The DC injection route and dosage used are determined in the above study. Mice are killed at 

14-22 days after tumor challenge. All lobes of both lungs are dissected, and surfece lung 

metastases are scored and counted under a dissecting microscope. 

Example 23 

Anti-tumor activity of hTRT retrogen-DCs compared with hTRT protein-loaded 

or li-hTRT transfected DCs in mice 
[02921 The method for protein-loading DCs is performed as described previously. 

Briefly, PBMC-derived DCs (5 x 10^/ml) are incubated at 37^C, 5% CO2 for 18-20 h in 

complete medium supplemented with IL-4 (100 U/ml) and GM-CSF (100 ng/ml) in the presence 

of the recombinant hTRT protein (20 to 100 fig/ml). The protein-loaded DCs are then used to 

stimulate T-cells in vitro. The culture condition and re-stimulation schedule for priming T-cells 

by protein-loaded DCs follow those for the transfected DCs in order to compare their potency. 

The same numbers and administration routes of retrogen-DCs and hTRT protein-loaded DCs are 

used to evaluate anti-tumor activity, as described above. 

[0293] Tumor development is observed and measured by caliper in three 
dimensions to determine the incidence of tumors, volumes, and growth curves of tumors that 
develop in different groups. 

Example 24 

Initial Identification of Promiscuous Class-II-Restricted Epitopes in hTRT 

[0294] To identify promiscuous MHC class U Th epitopes in hTRT, the amino acid 

sequence of this protein was examined for the presence of peptide sequences containmg bindiag 

motife for multiple HLA-DR alleles using the algorithm program TEPITOPE (Hammer, 1997; 
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Bono, 1999). The prediction threshold was set at 1% and peptides were selected on the basis of 
their ability to bind to at least three of the foUowing eight HLA-DR molecules DRB1*0101, 
DRB1*0301, DRB1*0401, DRB1*0701, DRB1*0801, DRB1*1101, DRB1*1501, and 
DRB5*0101. 

[02951 Because Th cells generally prefer to recognize p^tides of about 1 5 residues 
in length, ten predicted peptides corresponding to promiscuous binding motife of 15 mer or 
longer were synthesized and purified (Table 2). Human T-cell responses to these peptides were 
assessed by isolating PBMC firom HLA-typed healthy donors with HLA-DRl, DR3, DR15, or 
other alleles and seeding them into 96-well plates that were subsequently stimulated with each 
peptide. After a week of stimulation, the cultures were tested for their capacity to respond to the 
peptides presented by autologous PBMC. Cultures exhibiting at least a 3-fold increase in their 
proliferative response to peptides were considered positive. Stimulation indexes (Sf) 
representing PBMC responses to each of the 10 peptides were shown in FIG. 12A -FIG. 12J. 
Almost an donors tested responded to hTRT631, hTRT706, hTRT854, hTRT894. hTRT930, 
hTRT951, hTRT766, hTRT787, hTRT805, and hTRT971, indicating that the ten peptides were 
viable Th epitope candidates. Iiiq)ortantly, several peptides (hTRT631, hTRT894, hTRT766, 
hTRT787, and hTRT805) were c£q)able of inducing T cell responses to more than one MHC 
class n allele, indicating some degree of promiscuity. 
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Table 2 
hTRT Peptides 
RPIVNMDYWGARTFRREKR (SEQ.n).N0.26, hTRT631) 
LYFVKVDVTGAYDTI (SEQ,rD.N0.89, hTRT706) 
XLTDLQPYMRQFVAHL (SEQ.lD.N0.59,liTRT766) 
XRDAWffiQSSSLNEA (SEQ.ID.N0.62, hTRT787) 
LFDVFLRFMCHHAVRIRGK (SEQ,ID.NO.90, hTRT805) 
FAGIRRDGLLLRLVD (SEQ.ID.N0.91, hTRT854) 
YGCWNLRKTWNFP (SEQ.ID.N0.22, hTRT894) 
WCGLLLDTRTLEVQS (SEQ.n).N0.92, hTRT930) 
RTSIRASLTFNRGFK (SEQ.ID.N0.93, hTRT951) 
RRKLFGVLRLKCHSLFLDL (SEQ.ID.N0.94, hTRT971) 

Example 25 

Recombinant protein, monoclonal antibodies, and tissue culture reagents 
[0296] Recombinant hTRTaa540-aal003-Fc and Neu(exlracellular domain)-Fc 

fusion proteins were produced in SF9 insect cells by use of a baculovirus expression system 

(Gibco, Grand Island, NY), purified by affinity binding to Protein A (Sigma, St. Louis, MO), and 

tested by Western blot analysis with anti-hTRT (Santa Cruz Biotechnology, Santa Cruz, CA) or 

anti-Neu (Oncogene, La JoUa, CA) antibodies, respectively. The following hybridomas were 

used to produce monoclonal antibodies: HB55 (L243, anti-human HLA-DR, ATCC), HB95 

(W6/32, anti-human MHC class I, ATCC), HB103 (Genox3.53, anti-human HLA-DQ, ATCC), 

HB180 (9.3F10, anti-human MHC class II, ATCC), and 2D6 (anti-human HLA-DR and HLA- 

DQ monomorphic). Anti-human CD4 (RPA-T4, FITC labeled), aati-hmnan CDS (HITSa, PE 

labeled), anti-human CD4 (PE labeled), anti-human HLA-DR (FITC labeled) and anti-mouse 

CD4 (FITC labeled) were all purchased from BD PharMingen (San Diego, CA). Media used for 

cell culture were AIM-V serum-free mediiun (Life Technologies, Inc., Grand Island, NY), RPMI 

1640 supplemented with 10% FBS (Life Technologies, Inc., Grand Island, NY) and L- 

glutamine/penicillin/streptomycin, and CellGenix DC serum-free medium (CellGenix, 

Gennany). Human recombinant IL-2 was purchased from Boehringer Roche (Indianapolis, IN). 

Example 26 

Specificity and MHC Restriction Analysis of CD4+ T-Cell Clones 
[0297] To frurther characterize the peptides that induced positive T-cell responses, 

cultures of T-cells were selected and expanded cultures that exhibited at least a 3-fold increase in 

their proliferative response to peptides and cloned them by limiting dilution. T-cell clones that 

proliferated in response to six peptides (hTRT631, hTRT706, hTRT766, hTRT787, hTRT805, 

and hTRT894) were successftilly generated. Those specific for the remaining peptides 
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(hTRT854, hTRT930, hTRT951, and hTRT971) failed to expand to sufficient numbers for 
further analysis despite repeated attempts with different donors' blood. FIG. 13A - FIG. 13F 
showed the specificity of the T-cell clone responses to the various peptides. All T-cell clones 
responded vigorously to the stimulation with the corresponding peptides, but did not respond to 
stimulation with irrelevant 15-mer peptides derived firom EBNAl or with irrelevant, non- 
corresponding peptides. 

[0298J Further, antibody blocking assays were used to test whettier the T-cell 
responses to peptides were MHC class H-restricted. As shown in FIG. ISA - ¥IG. 13F, 
responses of the hTRT631-, TRT706-, hTRT766-, hTRT787-, hTRT805-, and hTRT894- 
specific T-cell clones were all inhibited by anti-HLA-DR and anti-HLA-DR/DQ/DP antibodies, 
but not by anti-HLA-ABC (class I) and anti-HLA-DQ antibodies. Flow cytometric analysis of 
the responses to T-cell clones (FIG. 14A - FIG. 14F) confirmed clones were CD4-positive and 
CD8-negative. 



Example 27 
Identification of Natively Processed Epitopes 
[0299] The effectiveness of antitumor immunotherapy based on CD8+ and CD4+ 
T-cells depends on the ability of the latter to recognize naturally processed antigen presented by 
APC. This property depends m tum on correct processing of the epitope in the MHC class n 
pathway and the avidity of the epitope for its MHC/TCR-complex (Kobayashi, 2000). To 
determine whether the newly identified peptides were naturally processed antigens, the avidity of 
the specific T-cell clones for their ligands was evaluated. Peptide titration curves wwe graerated 
with autologous DC as APC. For peptides hTRT631, hTRT766, hTRT787, the peptide 
concentrations required to obtain half of tiie maximal proliferation exceeded 1.0 ^IG. 15A - 
FIG. 15F). For hTRT706, hTRTSOS, and hTRT894, half maximal proUferation was observed at 
higher concentrations (>5.0 nM). 

[0300] The ability of these T-cell clones to recognize naturally processed antigen 
in the form of recombmant hTRT protein was tested in experiments in which autologous PBMC 
or DC were used as APC and recombinant hTRT proteins as a source of antigen (FIG. 16). As 
shown m FIG. 17, the hTRT766-specific T-cell clone responded to hTRT protem-pulsed DC and 
this activity was inhibited by anti-HLA-DR antibody. The response of the hTRT766-specific T- 
cell clone to the hTRT protein was specific, smce the T-cells did not react to stimulation with 
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autologous DC pulsed with irrelevant recombinant Neu-Fc protein. Subsequent testing of T-cell 
clones specijBc for hTRT787 or hTRT63l, which showed avidities similar to that of hTRT766- 
specijSc clones, failed to detect significant prohferative responses when either PBMC or DC 
were used as APC. Thus, hTRT631 and hTRT787 wer cryptic epitopes, not produced by APC 
that normally process protein antigen. 

[0301] T-cell clones specific for hTRT706, hTRT805, or hTRT894- had lower 
avidities for then* ligands and were unable to prohferate when stimulated with PBMC or DC 
pulsed with the corresponding hTRT protein. This result suggested either of two possibiUties: 
either these epitopes were cryptic or the afEinity of the T cells for the epitopes was low, requiring 
a higher number of peptide/MHC complexes than normally expressed on the APC to trigger 
proliferative T-cell responses. Taken together, the data indicated that of the 10 peptides tested 
only hTRT766 represented a naturally processed Th epitope in hTRT. 

Example 29 

Promiscuity of Naturally Processed hTRT Epitopes 
[0302] The promiscuity of the naturally processed epitope hTRT766 as well as the 

previously identified eptiope hTRT672 (Schroers, 2000) was tested. PBMC from donors with 

different HLA-DR alleles were stimulated with either peptide for 1 week using autologous 

PBMC as APC. The cultures were then tested for their capacity to respond to the peptide 

presented by autologous PBMC. As shown m FIG. 18A and FIG. 1 8B, T-cells from donors with 

genotypes of DROl/U, DR04/04, DR07/07, DR04/08, DR15/16, and DR03/15 all responded to 

hTRT766, while T-cells from donors with genotypes of DR13/14 and DR15/16 responded to 

hTRT672. These results indicated that both naturally processed epitopes, especially hTRT766, 

served as promiscuous MHC class n Th epitopes capable of inducing CD4+ T-cell responses in 

the context of several HLA-DR alleles. 

Example 30 

T-Cell Precursor Frequencies in Healthy Donors and Cancer Subjects 
[0303] Smce hTRT is a self-antigen, hTRT-specific CD4+ T-cells are largely 

deleted during T-cell negative selection in the thymus. Thus, it is important to assess the 

frequency of hTRT-specific CD4+ T-cells in humans. 

[0304] Briefly, the T-cell precursor frequency was calculated as the number of 
positive wells/total number of T-cells in all wells tested, since others have demonstrated tiiat an 
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antigen-specific T-ceU line derived from a 96-plate weU (200,000 ceUs/weU) most likely 
originated from a single T-cell precursor (Zhang, 1994). The frequencies of T-cell precursors 
specific for the naturally processed epitopes hTRT766 and hTRT672 in different DR donors 
were 0.1 - 1.14 x 10"^ and 0 - 0.83 x 10"^, respectively (Table 3). Interestingly, tiie frequencies of 
T-ceU precursors specific for cryptic peptides not processed from native antigen and presented 
by APC appeared to be higher than results for hTRT766 and hTRT672. 
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Table 2 



Peptide 


Number of weUs with SI > 2.S / 
total number of tested wells 


Estimated Frequency of 
hTRT-spedfic T-cells 


HTRT631 


Donor DR 3/11: 9/48 
Donor DR 3/15": 27/48 
Donor DR 14/15: 16/48 
Donor DR 3/4: 27/48 


0.9-2.8x10-^ 


hTRT672 


Donor DR 1/1: 2/48 
Donor DR 1/11: 1/48 
Donor DR 4/4: 0/48 
DonOT DR 3/4: 0/48 
Donor DR 7/7: 1/48 
Donor DR 15/16: 8/48 
Donor DR 13/14: 4/48 




hTRT706 


Donor DR 3/15": 1/48 
Donor DR3/15^ 2/48 
Donor DR 3/4: 4/48 
Donor DR 3/11: 4/48 


0.1-0.41x10* 


hTRT766 


Donor DR 4/8: 5/48 
Donor DR 1/11: 5/48 
Donor DR 1/1: 1/48 
Donor DR 4/4: 7/48 
Donor DR 3/15: 6/48 
Donor DR 7/7: 7/48 
Donor DR 15/16: 9/48 
Donor DR 4/8: 11/48 


0.1-1.14x10-* 


HTRT787 


TX T^Tl /I ^ A /AO 

Donor DR 3/15: 4/48 
Donor DR 3/4: 5/48 
Donor DR 1/11: 3/48 
Donor DR 4/7: 1/48 


0.1-0.52x10-* 


HTRTsos 


Donor DR 14/15: 11/48 
Donor DR 1/1: 4/48 
Donor DR 13/14: 22/48 
Donor DR 7/7: 6/48 


0.41-2.29x10-* 


HTRT854 


Donor DR 3/11: 6/48 
Donor DR 1/3: 8/48 
Donor DR 3/4: 6/48 
Donor DK. j/Ij: 2/48 


0.20 - 0.62x10-* 


hTRT894 


Donor DR 3/15": 7/48 
Donor DR 14/15: 7/48 
Donor DR 1/3: 1/48 
Donor DR 3/1 5^- 2/4S 


0.1 - 0.73 X 10-* 


hTRT894 


Donor DR 3/15": 1/48 
Donor DR 3/4: 3/48 
Donor DR 3/15": 3/48 


0.1 - 0.31 X 10-* 


hTRT894 


Donor DR 3/15": 10/48 
Donor DR 1/3: 3/48 
Donor DR 3/4: 4/48 
Donor DRS/IS"": 3/48 


0.31-1.0x10-* 



[0305] Next, T-cell responses against hTRT766 and hTRT672 were induced using 
PBMC from cancer subjects. Due to the limited amount availability of subject blood, testing was 
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restricted to a single naturaUy processed epitope, hTRT672, and one cryptic epitope hTRT631. 
As shown in Table 4, out of 7 prostate cancer subjects tested, T-cells ftom 3 subjects with 
different HLA DR alleles responded to the hTRT672 stimulation, fiirfher demonstrating the 
promiscuity of the hTRT672 epitope. The precursor frequencies of T-cells specific for the 
epitope hTRT672 in the positive donors with different DR types are 0 to 0.41 x 10"^ (Table 4). 
Similar to the results obtained with healthy donors, the frequencies of T-cell precursors specific 
for the naturally processed epitope appeared to be lower than those for the cryptic hTRT631 
peptide (Table 4). Thus, the data demonstrated that CD4+ T-ceU precursors specific for the two 
naturally processed epitopes. hTRT766 and hTRT672. were part of normal human T-cell 
repertoires and, when properly stimulated, were readily activated m healthy donors and prostate 
cancer subjects. 
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Table 3 







HLA 


Positive wells/ 


CiSuinaiea 


Peptide 


Donor 


total wells 


Frequency 




PCaOl 


DR4/11 


HI AO 

0/45 


0.63x10^ 




PCa02 


DR4/13 


2/48 


0.21x10-* 




PCa03 


DR3/3 


7/48 


0.73x10"* 


PCa04 


DR 11/13 


13/48 


IJSxlO-* 




PCa08 


DR7/11 


2/48 


0.21x10-* 




PCall 


DR4/11 


3/24 


0.63x10-* 




PCaOB 


DR3/3 


0/48 


0 




PCa04 


DR 11/13 


4/48 


0.41x10 




PCa05 


DR7/7 


0/48 


0 




PCa06 


DR7/11 


^ {AO 

3/48 


0.31x10 


hTRT672 


PCa07 


DR7/8 


•4 t At% 

1/48 


O.lOxlO"* 


PCaOS 


DR7/11 


1/48 


0.10x10^ 




PCa09 


DR4/13 


1/48 


0.10x10-* 




PCall 


DR4/11 


1/48 


0.10x10"* 




PCal2 


DR7/13 


0/48 


0 




PCal3 


DR4/15 


4/48 


0.41x10-* 
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Example 31 

Evaluation of T ceU responses by IFN-y ELISPOT assay 
[0306] IFN-y ELISPOT assay was used to analyze peptide-specific T cell responses 
by determining the frequency of Th precursors specific for the pq)tide. Mice were sacrificed 14 
days after the last inununization and splenocytes were obtained for assessing IFN-y production. 

[0307] Briefly, 96-well MultiScreen-IP plates (Millipore Corporation. Bedford, 
MA) were coated with 100 jil/weU capture mAb against mouse ]FN-y (AN-18, Mabtech Inc. 
Cincinnati, OH) at a concentration of 10 ^ig/ml and incubated overnight at 4X. The plates were 
washed 4 times with PBS, then blocked with RPMI 1640 plus 10% FBS for 2 hours at 37"C. 
After washing, freshly isolated splenocytes were plated at 2xlO'cells/weU in RPMI 1640 with 
10% FBS, in the presence or absence of peptide hTRT766 (20 ng/ml), recombinant hTRT 
proteins (20 ng/ml) or hTRT-positive NA-6-Mel (ATCQ tumor lysates (50 fxywell). Tumor cell 
lysates were prepared by three freeze-thaw cycles of 5x10^ tumor cells resuspended in 5 ml of 
RPMI 1640 with 10% FBS. Then the cells were centrifuged at 15,000 g for 30 minutes at 4''C. 
Supernatant was recovered, aliquoted and stored at -80°C for later use, as described previously 
[Schroers, 2002 #116]. After 20 hours of cell culture in the incubator, the cells were removed by 
washing 3 times with PBS and 4 times with PBS/Tween20 (0.05%). Biotinylated anti-mouse 
IFN-y antibody (R4-6A2, Mabtech Inc, Cincinnati, OH), diluted to 1 ^g/ml in PBS/Tween20 
containing 0.5% bovine serum albumin, was added and incubated for 2 hours at 37°C. The 
plates were then washed 6 times with PBS/Tween20 (0.05%) and subsequently avidin- 
peroxidase-complex (Vector Laboratories, Burlingame, CA) was added and incubated for 1 hour 
at room temperature, and removed by washing 3 times with PBS and PBSyTween20 (0.05%). 
The color of the plates was developed by adding HRP substrate 3-amino-9-ethylcarbozole 
(Sigma, St. Louis, MO). The plates were then washed with tap water, and air dried in dark. The 
plates were evaluated using an automated ELISPOT reader (ZeUnet Consulting Inc, New York, 
NY). 



Example 30 

Antigen-specific T cell Response Induced by hTRT766 Immunization of HLA-DR 

Transgenic Mice 

[0308] To further assess the thersqjeutic potential of hTRT766, HLA-DR4 
transgenic mice (Congia, 1998; Sonderstrup, 1998; Sonderstrup, 1999) were used to determine 
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whether immunization with the peptide induces a CD4+ Th response specific not only for the 
peptide, but also for the hTRT protein. 

[0309] Briefly, human HLA DR4 transgenic mice (HLA-DRB 1*0401), which are 
murine class H-deficient and transduced with human CD4 molecule, were generated. [Congia, 
1998; Sonderstrup, 1998; Sonderstrup, 1999). The transgenic mice were successfully used to 
identify human class-II-restricted epitopes and to study inmaune responses (Congia, 1998; 
Sonderstrup, 1998; Sonderstrup, 1999; Geluk, 1998). HLA DR4 expression on the transgenic 
mice was analyzed by flow cytometry. Male DR4 transgenic mice 6- to 10-week-old were used 
for experiment. The transgenic mice were immunized twice at one week interval with 100 |Lig of 
hTRT766 peptide emulsified in complete Freunds adjuvant (CFA) (final volume, 100 and 
administered subcutaneously (s.c.) into the rear back. Control group mice were injected with 
phosphate-buffered saline (PBS) emulsified in CFA. 

[0310] The spleen cells were isolated and stained with FITC-conjugated mouse 
anti-human HLA-DR, PE-conjugated mouse anti-human CD4 or FITC-conjugated rat anti-mouse 
CD4 (BD PharMingen, San Diego, CA). Flow cytometric analysis determined that these 
transgenic mice were human HLA-DR, CD4 positive and mouse CD4 negative. Ten days after 
the last immunization, the transgenic mice were sacrificed and the responses of their splenocytes 
to peptides, recombinant hTRT protein and hTRT-positive tumor cell were examined by using 
IFN-y ELISPOT assays. The splenocytes of hTRT766-immunized mice responded strongly to 
the hTRT766 stimulation, producmg IFN-y at a firequency of 72 spots per million of splenocytes 
(medium control, 10/10^. In contrast, the splenocytes of PBS-immunized control mice produced 
IFN-Y at a background frequency of 12 spots per million splenocytes to the peptide hTRT766 
(medium control, 16/10^) (FIG. 19), The splenocytes of hTRT766-immunized mice did not 
respond to an irrelevant peptide hTRT854 stimulation, indicating that T-cells induced by peptide 
immunization specifically responded to the immunized peptide. 

[0311] Since most of tumor cells are MHC class-U negative, the tumor-specific 
MHC class n-restricted CD4+ T cells are not able to recognize these tumor cells directly. CD44- 
T-cells uaduced by pq)tide hnmunization can react with antigen presenting cells (APCs) that take 
up and process the tumor antigen protein. Thus, transgenic mouse T-cells were tested to 
determined of they were activated when co-cultured with splenocytes containing T-cells and 
APCs pulsed with the recombinant hTRT proteins. As shown in FIG. 20, when stimulated wifii 
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the recombinant hTRT protein, the splenocytes of hTRT766-immunized mice produced IFN-y at 
a frequency of 41 spots per million cells(medium control, 10/10^), significantly higher than the 
splenocj'tes of the PBS-immunized mice (frequency of 14 spots per milUon cells. Furthermore, 
the splenocytes of hTRT766-inmiuni2ed mice produced IFN-y a background frequency, when 
stimulated with irrelevant CEA-Fc protems (10/10^. These results indicated that hTRT766 
immimization activated T-cells that recognized antigenic peptides processed from hTRT 
proteins. 

[0312] Finally, activated CD4+ T-cells were tested to determine if they recognize 
APCs that dii'ectly take up and process the tumor antigen from tumor cells. Melanoma cell line 
(NA-6-Mel) that expresses hTRT (Schroers, 2002) was used for this assay. As shown in FIG. 
20, when stimulated with NA-6-Mel cell lysates, the splenocytes of hTRT766-immuni2ed mice 
produced IFN-y at a frequency of 38 spots per milUon cells (medium control, 10/10^, 
significantly higher than the splenocytes of the PBS-immunized mice at a frequency of 15 spots 
per million cells. The splenocytes of hTRT766-immunized mice produced IFN-y at a 
background frequency, when stimulated with hTRT-negative GM847 (Schroers, 2002) tumor 
lysates (10/10^, suggestmg that T-cells activated by hTRT766 immunization specifically 
responded to antigenic peptides derived from hTRT-positive tumor. 
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claims. Moreover, the scope of the present appUcation is not intended to be limited to the 
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particular embodiments of the process, machine, manufactm-e, composition of matter, means, 
methods and steps described in the specification. As one of ordinary skill in the art will readily 
appreciate from the disclosure of the present invention, processes, machmes, manufacture, 
compositions of matter, means, methods, or steps, presently existing or later to be developed that 
perform substantially the same function or achieve substantially the same result as the 
corresponding embodiments described herein can be utilized according to the present invention. 
Accordingly, Ae appended claims are intended to include widiin their scope such processes, 
machines, manufacture, compositions of matter, means, methods, or steps. 
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CLAIMS 

What is claimed is: 

1 . An isolated polynucleotide sequence comprising the nucleic acid sequence of SEQ.ID.NO. 1 . 

2. An isolated polynucleotide sequence comprising the nucleic acid sequence of SEQ.ID.N0.2. 

3 . An isolated polypeptide comprising the amino acid sequence of SEQ.ID.N0.3. 

4. The polypeptide of claim 3, wherein said amino acid sequence comprises epitopes that binds 
toMHC-IandMHC-n. 

5. An isolated polypeptide comprising the amino acid sequence of SEQ.ID.N0.4. 

6. The polypeptide of claim 5, wherein said amino acid sequence comprises epitopes that binds 
toMHC«IandMHC-n. 

7. An isolated polypeptide comprising the amino acid sequence of SEQ.ID.N0.59. 

8. The polypeptide of claim 7, wherein said amino acid sequence comprises epitopes that binds 
toMHC-n. 

9. An expression vector comprising a nucleic acid sequence of SEQ.ID.NO. 1 . 

10. An expression vector comprising a nucleic acid sequence of SEQ.ID.N0.2. 

11. An expression vector comprising a polynucleotide encoding signal sequence, a 
polynucleotide encoding at least one epitope of human telomerase reverse transcriptase 
(hTRT), a polynucleotide encoding a cell binding element and a polynucleotide encoding a 
dendritic cell receptor, all operatively linked. 

12. The expression vector of claim.ll, wherein said epitope induces a CD4+ T-cell response in a 
mammal. 

13. The expression vector of claim 1 1 , wherein said epitope induces a CD4+ T-cell response and 
a CD8+ T-cell response in a mammal. 
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14; The expression vector of claim 1 1, wherein the epitope of hTRT is selected from the group of 
polynucleotide sequences consisting of SEQ.ID.NO.l, SEQ.ID.N0.2, SEQ.ID.N0.5, 
SEQ.ID.N0.6, SEQ.ID.N0.7, SEQ.ID.N0.8, SEQ,K).N0.9, SEQ.ID.NO.IO, 
SEQ.ID.NO.il, SEQ.ID.N0.12, SEQ.ID.N0,13, SEQ.ID.N0.14, SEQ.ID.N0.15, 
SEQ.ID.no. 16, SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97, SEQ.ID.N0.98, 
SEQ.ID.N0.99 and SEQ.ID.NO.100. 

15. An expression vector comprising a polynucleotide encoding signal sequence, a first 
polynucleotide sequence encoding at least one epitope of hTRT, a second sequence 
polynucleotide encoding at least one epitope of hTRT, a polynucleotide sequence encoding a 
cell binding element and a polynucleotide sequence encoding a dendritic cell receptor, all 
operatively linked. 

16. The expression vector of claim 15, wherein the first and second polynucleotide sequences 
encoding at least one epitope of hTRT are separated by an internal ribosome entry site. 

17. The expression vector of claim 15, wherein the first and second polynucleotide sequences 
encoding at least one epitope of hTRT are in tandem and under the control of one promoter. 

18. The expression vector of claim 15, wherein the first polynucleotide sequences encoding at 
least one epitope of hTRT encodes an epitope that binds to a MHC-E receptor. 

19. The expression vector of claim 18, wherein the second polynucleotide sequence encoding at 
least one qjitope of hTRT encodes an epitope that binds to a MHC-II receptor. 

20. Hie expression vector of claim 18, wherein the second polynucleotide sequence encoding at 
least one epitope of hTRT encodes an epitope that binds to a MHC-I receptor. 

21 . The expression vector of claim 15, wherein the first polynucleotide sequence encoding at 
least one epitope of hTRT encodes an epitope that binds to a MHC-I receptor, 

22. The expression vector of claim 21, wherein the second polynucleotide sequence encoding at 
least one epitope of hTRT encodes an epitope that binds to a MHC-E receptor. 

23. The expression vector of claim 15, wherein the polynucleotide sequence is selected from the 
group of polynucleotide sequences consisting of SEQ.DD.NO.l, SEQ.ID.N0.2, 
SEQ.ID.N0.5, SEQ.ID.N0.6, SEQ.ID.N0.7, SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.NO.IO, 
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SEQ.ID.NO.il, SEQ,]D.N0.12, SEQ.1D.N0,13, SEQ.ID.N0.14, SEQ.ID.N0.15, 
SEQ.ID.N0.16, SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97, SEQ.ID.N0.98, 
SEQ.ID,NO,99 and SEQ.ID.NO.IOO. 

24. An expression vector comprising a two transgenes, wherein the first and second transgene 
comprises a promoter polynucleotide sequence, a polynucleotide encoding signal sequence, a 
polynucleotide sequence encoding at least one epitope of hTRT, a polynucleotide sequence 
encoding a cell binding element, and a polynucleotide sequence encoding a dendritic cell 
receptor, all operatively linked. 

25. The vector of claim 24, wherein the promoter polynucleotide sequence is tiie same for the 
first transgene and second transgene. 

26. The vector of claim 24, wherem the promoter polynucleotide sequence is different for the 
first transgene and second transgene. 

27. The vector of claim 24, wherein the polynucleotide sequence is selected fi-om the group of 
polynucleotide sequences consisting of SEQ.ID.NO.l, SEQ.ID.N0.2, SEQ.ID.N0.5, 
SEQ.rD.NO.6, SEQ.ID.N0.7, SEQ.ID.NO.S, SEQ.ID.N0.9, SEQ.ID.NO.IO, 
SEQ.ID.NO.il, SEQ.ID.N0.12, SEQ.ID.N0.13, SEQ.ID.N0.14, SEQ.ID.N0.15, 
SEQ.ID.no. 16, SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97, SBQ.ID.N0.98, 
SEQ.ID.N0.99 and SEQ.ID.NO.100. 

28 . A transfomied cell comprising the expression vector of claim 1 1 . 

29. A transformed cell comprising the expression vector of claim 1 5. 

30. A transformed cell comprising the expression vector of claim 24. 

31. A method of eliciting an immune response directed against an antigen, comprising the step of 
administering to a subject the expression vector of claim 9, 10, 1 1, 15, or 24. 

32. A method of eliciting an immune response directed against an antigen comprising the step of 
administering to a patient a peptide selected Jfrom the group consisting of SEQ.ID.N0.17, 
SEQ.ED.N0.18, SEQ.ID.N0.19, SEQ.ID.NO.20, SEQ.ID.N0.21, SEQ.ID.N0.22, 
SEQ.ID.N0.23, SEQ.ID.N0.24, SEQ.ID.N0.25, SEQ.ID.N0.26, SEQ.ID.N0.27, 
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SEQ.n).N0.59, SEQ.ID.N0.62,SEQ.ID.N0.77, SEQ.ID.N0.89, SEQ.ID.NO.90, 
SEQ.ID.N0.91, SEQ.1D.N0.92, SEQ.ID.N0.93 and SEQ.ID.N0.94. 

33. A method of eliciting an immime response directed against an antigen comprising the step of 
administmng to a subject a composition comprising SEQ.ID.N0.3 or SEQ.ID.N0.4. 

34. A method of eliciting an immune response directed against an antigen comprising the step of 
administering to a subject the transformed cell of claim 28, 29, or 30. 

35. A method of eliciting an immune response directed against an antigen comprising the step of 
administering to a subject cell lysate from the transformed cell of claim 28, 29, or 30. 

36. A method of treating a hyperproliferative disease comprising the step of administering 
transduced antigen presenting cells to a subject via a parenteral route. 

37. The method of claim 36, wherein hyperproliferative disease is further defined as cancen 

38. The method of claim 37, wherein said cancer is selected from the group consisting of lung 
cancer, head and neck cancer, breast cancer, pancreatic cancer, prostate cancer, renal cancer, 
bone cancer, testicular cancer, cervical cancer, gastrointestinal cancer, lymphomas, pre- 
neoplastic lesions in the lung, colon cancer, melanoma, and bladder cancer. 

39. The method of claim 36, wherein hyperproliferative disease is further defined as immune- 
mediated. 

40. The method of claim 36, wherein said antigen presenting cells are autologous to said subject. 

41. The method of claim 36, wherein said antigen presenting cells are allogeneic to said subject. 

42. The method of claim 36, wherein said antigen presenting cells are pulsed with an expression 
vector comprising a polynucleotide sequence of hTRT, wherein said polynucleotide sequence 
of is selected from the group consisting of SEQ.DD.NO.l, SEQ.ID.N0.2, SEQ.ID.N0.5, 
SEQ.ID.N0.6, SEQ,ID.N0.7, SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.NO.10, 
SEQ.ID.NO.il, SEQ.ID.N0.12, SEQ.ID.N0.13, SEQ.ID.N0.14, SEQ.ID.N0.15, 
SEQ.ID.N0.16, SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97, SEQ.rD.NO.98, 
SEQ.E).N0.99 and SEQ,ID.NO.100. 
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43. The me&od of claim 36, wherein said antigen presenting cells are pulsed widi a peptide 
selected from the group consisting of SEQ.ID.N0.17, SEQ.ID.N0.18, SEQ.ID.N0.19, 
SEQ.ID.NO.20, SEQ.ID.N0.21, SEQ.ID.N0.22, SEQ.1D.N0.23, SEQ.ID.N0.24, 
SEQ.ID.N0.25, SEQ.ID.N0.26, SEQ.ID.N0.27, SEQ.]D.N0.59, SEQ.ID.N0.62, 
SEQ.ID.N0.77, SEQ.ID.N0.89, SEQ.ID.NO.90, SEQ.ID.N0.91, SEQ,ID.N0.92, 
SEQ.ID.N0.93 and SEQ.ID.N0.94. 

44. The method of claim 43, wherem the peptide is SEQ.ID.N0.59. 

45. A method of treating a hypaproliferative disease comprising the step of administering to a 
subject an expression vector with a pharmaceutical acceptable carrier, wherein said 
expression vector comprises a polynucleotide promoter sequence, a polynucleotide encoding 
a signal sequence, a polynucleotide encoding an at least one epitope of hTRT, and a 
polynucleotide encoding a cell binding element and a polynucleotide sequence encoding a 
dendritic cell receptor, all operatively linked. 

46. The method of claim 45, wherein the epitope of hTRT is selected from the group of 
polynucleotide sequences consisting of SEQ.ID.N0.1, SEQ.ID.N0.2, SEQ.ID.N0.5, 
SEQ.ID.N0.6, SEQ.ID.N0.7, SEQ.ID.N0.8, SEQ.ID.N0.9, SEQ.ID.NO.10, 
SEQ.ID.NO.il, SEQ.ID.no. 12, SEQ.ID.N0.13, SEQ.ID.N0.142, SEQ.ID.N0.15, 
SEQ.ID.no. 16, SEQ.ID.N0.95, SEQ.ID.N0.96, SEQ.ID.N0.97, SEQ.rD.N0.98, 
SEQ.ID.N0.99 and SEQ.ID.NO.100. 

47. A method of treating a hypeiproliferative disease con^irising administering to a subject a 
hTRT specific peptide with a pharmaceutical acceptable carrier, wherein said peptide binds 
to a MHC-n receptor. 

48. The me&od of claim 47, wherein said hTRT peptide is selected from the groiq) of consistmg 
of SEQ.E).NO. 3, SEQ.ID.NO. 4, SEQ.ID.N0.17, SEQ.ID.N0.18, SEQ.ID.N0.19, 
SEQ.ID.NO.20, SEQ.ID.N0.21, SEQ.ID.N0.22, SEQ.ID.N0.23, SEQ.ID.N0.24, 
SEQ.ID.N0.25, SEQ.ID.N0.26, SEQ.ID.N0.27, SEQ.ID.N0.59, 
SEQ.ID.N0.62,SEQ.ID.N0.77, SEQ.ID.N0.89, SEQ.ID.NO.90, SEQ.ID.N0.91, 
SEQ.ID.N0.92, SEQ.ID.N0.93 and SEQ.ID.N0.94. 



49. 



The method of claim 48, wherein the peptide is SEQ.ID.N0.59. 
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50. A method of treating a hypeiproliferative disease comprising administering to a subject a 
hTRT specific peptide with a pharmaceutical acceptable carrier, wherein said peptide binds 
to a MHC-I and MHC-E receptor. 

5 1 . The method of claim 50, wherein said hTRT peptide is selected from the group of consisting 
of SEQ.ID.no. 3, SEQ.n).NO. 4, SEQ.ID.N0.17, SEQ.ID.N0.18, SEQ.ID.N0.19, 
SEQ.ID.NO.20, SEQ.ID.N0.21, SEQ.ID.N0.22, SEQ.ID.N0.23, SEQ.ID.N0.24, 
SEQ.ID.N0.25, SEQ.ID.N0.26, SEQ.ID.N0.27, SEQ.ID.N0.59, 
SEQ.ID.N0.62,SEQ.ID.N0.77, SEQ.ID.N0.89, SEQ.ID.NO.90, SEQ.ID.N0.91, 
SEQ.ID.N0.92, SEQ.ID.N0.93 and SEQ.ID.N0.94. 

52. The method of claim 51, wherein the peptide is SEQ.ID.N0.59. 

53. A method of treating a hypeiproliferative disease comprising the step of administering to a 
subject the expression vector of claim 9, 10, 11, 15, or 24. 

54. A method of treating a hyperproliferative disease comprising the step of administering to a 
subject the transformed of claimi 28, 29, or 30. 

55. A method of treating a hyperproHferative disease comprising administering comprising the 
step of administering to a subject cell lysate of the transformed of claim 28, 29, or 30. 



wo 03/038047 



1/26 



PCT/US02/34588 




wo 03/038047 



2/26 



PCT/US02/34588 




mm peonpsuej; 
SQQ :sjo)e|nujj)s 



wo 03/038047 



3/26 



PCT/US02/34588 




i|}iM peonpsuej} 
SQQ :sjo;e|nuii|S 



wo 03/038047 



4/26 



PCT/US02/34588 



H H 




00 00 

in in 





n CO 


CO 


CO 


m n 


00 CO 




CO 










00 


00 




00 












g 9 




1 




















in 

00 ro 



11 

Si3 o u 



tn 



is 



in 
m 



in 

to 

si 



tn 



en 



O 

CM 

d) 



wo 03/038047 



5/26 



PCT/US02/34588 



0) 

e 

^ 1 

0) 

O 



C 

^ 2 

o 

O 

|i 1 



<u 



K 



c 



Peptide T573 Donor B-16 




1 0000 20000 



30000 



Peptide T672 Donor B-22 




5000 



10000 



Peptide T672 Donor B-05 



1000 2000 3000 4000 



Peptide T880 Donor B-14 



1000 2000 3000 4000 



Peptide T916 Donor B-24 



2000 4000 6000 8000 



Peptide T91 6 Donor B-1 5 



0 2000 4000 6000 

[^hi]-Thyniidine Incorporation (cpm) 



H 



Peptide T573 Donor B-22 




1000 2000 3000 4000 



Peptide T672 Donor B-24 



2000 



4000 



6000 



Peptide T880 Donor B-05 




2000 4000 6000 8000 



Peptide T880 Donor B-16 



1000 



2000 



Peptide T916 Donor B-22 



2000 4000 6000 8000 



Peptide T916 Donor B-05 



0 2000 4000 6000 

[*^i-l]-Tiiymidine Incorporation (cpm) 



Fig. 3 




(lAldO) 

uo!)ejocLi03U| 3U!P!LuAi|i-[He] 



wo 03/038047 



7/26 



PCT/US02/34588 




wo 03/038047 



9/26 



PCT/US02/34588 




wo 03/038047 



10/26 



PCT/US02/34588 




ujdo 



wo 03/038047 



11/26 



PCT/US02/34588 




[uido] uonRiodjooui 9up!uiAm-[H 



wo 03/038047 



12/26 



PCT/US02/34588 



A 



10000- 



1000- 

UJ 

o 

o> 100- 

o 
w 

3 

o 

^ 10- 



B 




10 



Tr"T — 

100 



1000 



10000 



Mouse IgG FITC 



lOOOO" 



1000' 



m 

Q. 
00 

Q 
O 



100" 



10 




10 100 1000 

CD4 FITC 



10000 



Fig. 9 



wo 03/038047 



13/26 



PCT/US02/34588 



o 
o 

r 




£ VP 

c 
m 



wo 03/038047 



14/26 



PCT/US02/34588 




wo 03/038047 



15/26 



PCT/US02/34588 




wo 03/038047 PCT/US02/34588 

16/26 



X 30 

-S 27 

^ 24 

•f 21 

§ 18 
15 

-5 12 

I i 

CO ^ 



hTRTgsi 



B 



c: 
o 

•♦5 
CO 



12 
9 
6 
3 
0 



hTRT706 



X 
CD 

.o 

•is 

E 

CO 



12 
9 
6 
3 
0 



hTRT854 



c 

Q 

.5 

•is 
CO 



9 1 



1 r 



hTRT894 



C 
P 

i 

CO 



15 
12 
9 
6 
3 
0 



hTRTgao 



X 

o 

"3 
E 

CO 



15 
12 
9 
6 
3. 
0 



hTRTggi 



I I 



Fig. 12 



wo 03/038047 



17/26 



PCT/US02/34588 





12 1 


1 










9 - 


c 




.o 


6 - 


-2 








3 - 


CO 





X 



c: 

-I 

CO 



I 

24 
21 

-S 18 
15 
12 
9 
6 
3 
0 



hTRTyee 



hTRTgos 



H 



hTRT787 



X 24 
■§ 21 
I 18 
15 
12 
9 
6 
3 
0 



c 
.o 

■2 
"3 

.S 

•to 

CO 



4-4. 



I 

c 
.o 

5 



12 
9 
6 
3 
0 



hTRT97i 



Fig. 12 



wo 03/038047 PCT/US02/34588 

18/26 



A 

medium 
hTRT854 \ 
+ anti-HLA-ABC ] 
+ anti-HLA-DR.DQ \ 


■ 

1 


B 

medium 
hTRTB31 
+ anti-HLA-ABC ^ 
+ anti-HLA-DR.DQ " 
+ antl-HljOi-DQ 

( 


1- 


U 


1 1 1 1 1 

^,UUU 4,UUU 0|UUU o,uuu 1U,UUU 

cpm 


1 1 I 

) 2.000 4,000 6,000 

cpm 


C 

medium 
h7RT854 ' 
+ anti-HLA-ABC ' 

+ anti-HLA-DR \ 




D 

medium 
h'TRTB54 ' 
+ anti-HLA-ABC 
+ anti-HLA-OR ' 

( 




- 




h 




C 


1 1 1 1 1 

1 ouu n,uuu i,3uu ^,uuu ^lOuu 

cpm 


^ r 1 

} 2.000 4,000 6,000 8.000 
cpm 


E 

medium 
liTRTC31 ■ 
+ anti-HU-ABC \ 
+ anti-HUV-OR,DQ \ 
+ antl-HiA-OQ 

i 


» 


F 

medium 
hTRTSSO ' 
+ anti-HU^BC ' 
+ anti-HLA-DR.DQ ] 
+ anti-HLA^ 


m 


■- 

1- 


■ 


■- 


■- 
■- 


i 1 1 r 1 1 

) 10.000 20.000 30,000 40,000 50,000 

cpm 


0 


1 III! 1 

500 1,000 1,500 2,000 2,500 3,000 



Fig. 13 



wo 03/038047 PCT/US02/34588 

19/26 



hTRTe 




10= 
CD4 FITC 



hTRT 



706 




10« 10» 
CD4 FITC 



C £ 



hTRT766 




D ^ 



hTRT 



787 



10' 10^ 
CD4 FITC 




10' 1(P 
CD4 FITC 



10* 



hTRT, 



805 




F o 



hTRT. 



894 



1CP 
CD4FITC 




10' 10» 
CD4FITC 



Fig. 14 



wo 03/038047 PCT/US02/34588 

20/26 



T-Celi Clone hTRTesi BCM-13.1 

100.000 

80.000 
S 60,000 
8" 40.000 - 

20.000 - 
0 



c?^ c?^ 



peptide concentration [nlM] 



B 



T-Cell Clone hTRT706 BCM-01.1 

15,000 1 



g 10,000 - 
6.000 
0 4 



\ 



-r 



cS> 



peptide concentration [nIVI] 



T-Cell Clone hJRTj^ BCM-17.5 

4.000 
g 3.000 
8- 2,000 ■ 

1,000 - 
0 



T-Cell Clone hTRTj„ BCM-17.7 




14,000 
12,000 
- 10,000 
I 8,000 i / 
O- 6,000 - ^ 
4,000 - 
2.000 
0 




rv^^ cs^^ c§i^ ^<§^ 



peptide concentration [nM] 



peptide concentration [nIVi] 



t-Cell Clone hTRTgos BCM-06.3 



50,000 
40.000 
1 30,000 
" 20.000 - 
10.000 
0 




T-Cell Clone hTRT894 BCM-13.4 

3.000 







peptide concentration [nM] 



peptide concentration [nIVI] 



Fig. 15 



wo 03/038047 



21/26 



PCT/US02/34588 



[kD] 




Standard hTRT-Fc Standard hTRT-Fc 



Coomassie Western 



Fig. 16 



wo 03/038047 



22/26 



PCT/US02/34588 




wo 03/038047 PCT/US02/34588 

23/26 



VO 



ID 



X 



GDOOCSKIIBBBO 



< < 



CD 



I I I ri ll I II nit III I 



o 



in 
csi 



o 
c> 



< 

00 



O) 



xepul uoiiBinuiiis 



wo 03/038047 



24/26 



PCT/US02/34588 



SO 
SO 



XXX 



X x»^x»<x< 



O O OaS^OQBBM 



o oo<x><B3m> 



I 1 — 1 1 r— 

lO CM o> CO CO 




CO 



Li. 



xepul uo!;einuJ!is 



wo 03/038047 



25/26 



PCT/US02/34588 




siiao uo|||iLU / s}ods j.o # 



wo 03/038047 



26/26 



PCT/US02/34588 




S||33 uojinuj / S)OdS |0 # 



wo 03/038047 



1/24 



PCT/US02/34588 



SEQUENCE LISTING 

<110> Schroers, Roland 
Chen, Si-Yi 
Zhaoyang, You 

<120> Human Telomerase Reverse Transcriptase as a Class-II Restricted 
Tumor -Associated Antigen 

<130> P02193WO 

<140> Not Assigned 
<141> 2002-10-29 

<150> US 60/345,012 
<151> 2001-10-29 

<160> 100 

<170> Patentin version 3.1 

<210> 1 

<211> 873 

<212> DNA 

<213> Human 

<400> 1 



atcctggcca agttcctgca 


ctggctgatg 


agtgtgtacg tcgtcgagct gctcaggtct 


60 


ttcttttatg tcacggagac 


cacgtttcaa 


aagaacaggc tctttttcta ccggaagagt 


12 0 


gtctggagca agttgcaaag 


cattggaatc 


agacagcact tgaagagggt gcagctgcgg 


180 


gagctgtcgg aagcagaggt 


caggcagcat 


cgggaagcca ggcccgccct gctgacgtcc 


240 


agactccgct tcatccccaa 


gcctgacggg 


ctgcggccga ttgtgaacat ggactacgtc 


300 


gtgggagcca gaacgttccg 


cagagaaaag 


agggccgagc gtctcacctc gagggtgaag 


360 


gcactgttca gcgtgctcaa 


ctacgagcgg 


gcgcggcgcc ccggcctcct gggcgcctct 


420 


gtgctgggcc tggacgatat 


ccacagggcc 


tggcgcacct tcgtgctgcg tgtgcgggcc 


480 


caggacccgc cgcctgagct 


gtactttgtc 


aaggtggatg tgacgggcgc gtacgacacc 


. 540 


atcccccagg acaggctcac 


ggaggtcatc 


gccagcatca tcaaacccca gaacacgtac 


600 


tgcgtgcgtc ggtatgccgt 


ggtccagaag 


gccgcccatg ggcacgtccg caaggccttc 


660 


aagagccacg tctctacctt 


gacagacctc 


cagccgtaca tgcgacagtt cgtggctcac 


720 


ctgcaggaga ccagcccgct 


gsigggatgcc 


gtcgtcatcg agcagagctc ctccctgaat 


780 


gaggccagca gtggcctctt 


cgacgtcttc 


ctacgcttca tgtgccacca cgccgtgcgc 


840 


atcaggggca agtcctacgt 


ccagtgccag 


ggg 


873 



<210> 2 
<211> 519 
<212> DNA 
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<213> Human 










<400> 2 
atcccgcagg 


gctccatcct 


ctccacgctg ctctgcagcc 


tgtgctacgg 


cgacatggag 


60 


aacaagctgt 


ttgcggggat 


tcggcgggac gggctgctcc 


tgcgtttggt 


ggatgatttc 


120 


ttgttggtga 


cacctcacct 


cacccacgcg aaaaccttcc 


tcaggaccct 


ggtccgaggt 


180 


gtccctgagt 


atggctgcgt 


ggtgaacttg cggaagacag 


tggtgaactt 


ccctgtagaa 


240 


gacgaggccc 


tgggtggcac 


ggcttttgtt cagatgccgg cccacggcct 


attcccctgg 


300 


tgcggcctgc 


tgctggal^ac 


ccggaccctg gaggtgcaga gcgactactc cagctatgcc 


360 


cggacctcca 


tcagagccag 


tctcaccttc aaccgcggct 


tcaaggctgg 


gaggaacatg 


420 


cgtcgcaaac 


tctttggggt 


cttgcggctg aagtgtcaca 


gcctgtttct 


ggatttgcag 


480 


gtgaacagcc 


tccagacggt 


gtgcaccaac atctacaag 






519 



<210> 3 

<211> 291 

<212> PRT 

<213> Human 

<400> 3 

He Leu Ala hys Phe Leu His Trp Leu Met Ser Val Tyr Val Val Glu 
15 10 15 



Leu Leu Arg Ser Phe Phe Tyr Val Thr Glu Thr Thr Phe Gin Lys Asn 
20 25 30 



Arg Leu Phe Phe Tyr Arg Lys Ser Val Trp Ser Lys Leu Gin Ser He 
35 40 45 



Gly He Arg Gin His Leu Lys Arg Val Gin Leu Arg Glu Leu Ser Glu 
50 55 60 



Ala Glu Val Arg Gin His Arg Glu Ala Arg Pro Ala Leu Leu Thr Ser 
65 70 75 80 



Arg Leu Arg Phe He Pro Lys Pro Asp Gly Leu Arg Pro He Val Asn 
85 90 95 



Met Asp Tyr Val Val Gly Ala Arg Thr Phe Arg Arg Glu Lys Arg Ala 
100 105 110 



Glu Arg Leu Thr Ser Arg Val Lys Ala Leu Phe Ser Val Leu Asn Tyr 
115 120 125 
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Glu Arg Ala Arg Arg Pro Gly Leu Leu Gly Ala Ser Val Leu Gly Leu 
130 135 140 

Asp Asp lie His Arg Ala Trp Arg Thr Phe Val Leu Arg Val Arg Ala 
145 150 155 ' 160 

Gin Asp Pro Pro Pro Glu Leu Tyr Phe Val Lys Val Asp Val Thr Gly 
165 170 175 

Ala Tyr Asp Thr lie Pro Gin Asp Arg Leu Thr Glu Val He Ala Ser 
180 185 190 

He He Lys Pro Gin Asn Thr Tyr Cys Val Arg Arg Tyr Ala Val Val 
195 200 205 

Gin Lys Ala Ala His Gly His Val Arg Lys Ala Phe Lys Ser His Val 
210 215 220 

Ser Thr Leu Thr Asp Leu Gin Pro Tyr Met Arg Gin Phe Val Ala His 
225 230 235 240 

Leu Gin Glu Thr Ser Pro Leu Arg Asp Ala Val Val He Glu Gin Ser 
245 250 255 

Ser Ser Leu Asn Glu Ala Ser Ser Gly Leu Phe Asp Val Phe Leu Arg 
260 265 270 

Phe Met Cys His His Ala Val Arg He Arg Gly Lys Ser Tyr Val Gin 
275 280 285 



Cys Gin Gly 
290 



<210> 4 

<211> 174 

<212> PRT 

<213> Human 

<400> 4 

He Pro Gin Gly Ser He Leu Ser Thr Leu Leu Cys Ser Leu Cys Tyr 
1 5 10 15 



Gly Asp Met Glu Asn Lys Leu Phe Ala Gly He Arg Arg Asp Gly Leu 
20 25 30 



Leu Leu Arg Leu Val Asp Asp Phe Leu Leu Val Thr Pro His Leu Thr 
35 40 45 
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His Ala Lys Thr Phe Leu Arg Thr Leu Val Arg Gly Val Pro Glu Tyr 
50 55 60 



Gly Cys Val Val Asn Leu Arg Lys Thr Val Val Asn Phe Pro Val Glu 
65 70 75 80 



Asp Glu Ala Leu Gly Gly Thr Ala Phe Val Gin Met Pro Ala His Gly 
85 90 95 



Leu Phe Pro Trp Cys Gly Leu Leu Leu Asp Thr Arg Thr Leu Glu Val 
100 105 110 



Gin Ser Asp Tyr Ser Ser Tyr Ala Arg Thr Ser lie Arg Ala Ser Leu 
115 120 125 



Thr Phe Asn Arg Gly Phe Lys Ala Gly Arg Asn Met Arg Arg Lys Leu 
130 135 140 



Phe Gly Val Leu Arg Leu Lys Cys His Ser Leu Phe Leu Asp Leu Gin 
145 150 155 160 



Val Asn Ser Leu Gin Thr Val Cys Thr Asn lie Tyr Lys lie 
165 170 



<210> 5 

<211> 45 

<212> DNA 

<213> Human 

<400> 5 

ctgcactggc tgatgagtgt gtacgtcgtc gagctgctca ggtct 45 



<210> 6 

<211> 45 

<212> DNA 

<213> Human 

<400> 6 

ctctttttct accggaagag tgtctggagc aagttgcaaa gcatt 45 



<210> 7 

<211> 45 

<212> DNA 

<213> Human 



<400> 7 

acgtccagac tccgcttcat ccccaagcct gacgggctgc ggccg 



45 
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<210> 8 
<211> 45 
<212> DNA 
<213> Human 

<400> 8 

cgccccggcc tcctgggcgc ctctgtgctg ggcctggacg atatc 



<210> 9 

<211> 45 

<212> DNA 

<213> Human 

<400> 9 

tttgcgggga ttcggcggga cgggctgctc ctgcgtttgg tggat 



<210> 10 

<211> 45 

<212> DNA 

<213> Human 

<400> 10 

tatggctgcg tggtgaactt gcggaagaca gtggtgaact tccct 



<210> 11 

<211> 45 

<212> DNA 

<213> Human 

<400> 11 

ggcacggctt ttgttcagat gccggcccac ggcctattcc cctgg 



<210> 12 

<211> 45 

<212> DNA 

<213> Human 

<400> 12 

tggtgcggcc tgctgctgga tacccggacc ctggaggtgc agagc 



<210> 13 

<211> 45 

<212> DNA 

<213> Human 

<400> 13 

gcgaaaacct tcctcaggac cctggtccga ggtgtccctg agtat 



<210> 14 

<211> 60 

<212> DNA 

<213> Human 



<400> 14 

cggccgattg tgaacatgga ctacgtcgtg ggagccagaa cgttccgcag agaaaagagg 



60 
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<210> 15 

<211> 42 

<212> DNA 

<213> Human 

<400> 15 

ctgtactttg tcaaggtgga tgtgacgggc gcgtacgaca cc 42 



<210> 16 

<211> 45 

<212> DNA 

<213> Human 

<400> 16 

cggacctcca tcagagccag tctcaccttc aaccgcggct tcaag 



<210> 17 

<211> 15 

<212> PRT 

<213> Human 

<400> 17 

Leu His Trp Leu Met Ser Val Tyr Val Val Glu Leu Leu Arg Ser 
15 10 15 



<210> 


18 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


18 



• Leu Phe Phe Tyr Arg Lys Ser Val Trp Ser Lys Leu Gin Ser lie 
15 10 15 



<210> 


19 


<211> 


15 


<212> 


PRT 


<213> 


H\iman 


<400> 


19 


Thr Ser Arg Leu Arg 


1 


5 



10 15 



<210> 


20 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


20 



Arg Pro Gly Leu Leu Gly Ala Ser Val Leu Gly Leu Asp Asp lie 
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15 10 



<210> 


21 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


21 



Phe Ala Gly lie Arg Arg Asp Gly Leu Leu Leu Arg Leu Val Asp 
15 10 15 
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15 



<210> 


22 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


22 



Tyr Gly Cys Val Val Asn Leu Arg Lys Thr Val Val Asn Phe Pro 
15 10 15 



<210> 


23 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


23 



Gly Thr Ala Phe Val Gin Met Pro Ala His Gly Leu Phe Pro Trp 
15 10 15 



<210> 


24 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


24 



Trp Cys Gly Leu Leu Leu Asp Thr Arg Thr Leu Glu Val Gin Ser 
15 10 15 



<210> 


25 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


25 



Ala Lys Thr Phe Leu Arg Thr Leu Val Arg Gly Val Pro Glu Tyr 
15 10 15 



<210> 
<211> 
<212> 



26 
20 
PRT 
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<213> Human 
<400> 26 

Arg Pro He Val Asn Met Asp Tyr Val Val Gly Ala Arg Thr Phe Arg 
15 10 15 



Arg Glu Lys Arg 
20 



<210> 27 

<211> 14 

<212> PRT 

<213> Human 

<400> 27 



Leu Tyr Phe Val Lys Val Asp Val Thr Gly Ala Tyr Asp Thr 
15 10 



<210> 


28 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


28 



Cys His Ser Leu Phe Leu Asp Leu Gin Val Asn Ser Leu Gin Thr 
15 10 15 



<210> 


29 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


29 



Ala Lys Phe Leu His Trp Leu Met Ser Val Tyr Val Val Glu Leu 
15 10 15 



<210> 


30 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


30 



Leu Met Ser Val Tyr Val Val Glu Leu Leu Arg Ser Phe Phe Tyr 
15 10 15 



<210> 31 

<211> 15 

<212> PRT 

<213> Human 
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<400> 31 

Met Ser Val Tyr Val Val Glu Leu Leu Arg Ser Phe Phe Tyr Val 
15 10 15 



<210> 


32 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


32 



Tyr Val Val Glu Leu Leu Arg Ser Phe Phe Tyr Val Thr Glu Thr 
3. 5. 10 15 



<210> 


33 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


33 



Val Glu Leu Leu Arg Ser Phe Phe Tyr Val Thr Glu Thr Thr Phe 
15 10 15 



<210> 


34 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


34 



Ser Phe Phe Tyr Val Thr Glu Thr Thr Phe Gin Lys Asn Arg Leu 
15 10 15 



<210> 35 

<211> 15 

<212> PRT 

<213> Human 

<400> 35 

Lys Asn Arg Leu Phe Phe Tyr Arg Lys Ser Val Trp Ser Lys Leu 
IB 10 15 



<210> 36 

<211> 15 

<212> PRT 

<213> Human 

<400> 36 



Lys Ser Val Trp Ser Lys Leu Gin Ser He Gly He Arg Gin His 
15 10 15 
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<210> 37 
<211> 15 
<212> PRT 
<213> Human 

<400> 37 

Trp Ser Lys Leu Gin Ser He Gly He Arg Gin His Leu Lys Arg 
15 10 15 



<210> 38 

<211> 15 

<212> PRT 

<213> Human 



<400> 38 



Gin Ser He Gly He Arg Gin His Leu Lys Arg Val Gin Leu Arg 
15 10 15 



<210> 39 

<211> 15 

<212> PRT 

<213> Human 



<400> 39 



Ser He Gly He Arg Gin His Leu Lys Arg Val Gin Leu Arg Glu 
15 10 15 



<210> 


40 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


40 



Arg Gin His Leu Lys Arg Val Gin Leu Arg Glu Leu Ser Glu Ala 
15 10 15 



<210> 


41 


<211> 


15 


<212> 


PRT 


<213> 


HumaJi 


<400> 


41 



Arg Pro Ala Leu Leu Thr Ser Arg Leu Arg Phe He Pro Lys Pro 
15 10 15 



<210> 42 

<211> 15 

<212> PRT 

<213> Human 



<400> 42 
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Pro Asp Gly Leu Arg Pro lie Val Asn Met Asp Tyr Val Val Gly 



1 




<210> 


43 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


43 



Leu Arg Pro lie Val Asn Met Asp Tyr Val Val Gly Ala Arg Thr 
15 10 15 



<210> 


44 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


44 



Arg Pro lie Val Asn Met Asp Tyr Val Val Gly Ala Arg Thr Phe 
15 10 15 



<210> 


45 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


45 



Asn Met Asp Tyr Val Val Gly Ala Arg Thr Phe Arg Arg Glu Lys 
15 10 15 



<210> 


46 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


46 



Ala Arg Thr Phe Arg Arg Glu Lys Arg Ala Glu Arg Leu Thr Ser 
15 10 15 



<210> 


47 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


47 



Ala Glu Arg Leu Thr Ser Arg Val Lys Ala Leu Phe Ser Val Leu 
15 10 15 



<210> 48 



1 

1 
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<211> 15 
<212> PRT 
<213> Human 

<400> 48 

Val Lys Ala Leu Phe Ser Val Leu Asn Tyx Glu Arg Ala Arg Arg 
15 10 15 



<210> 


49 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


49 



Leu Phe Ser Val Leu Asn Tyr Glu Arg Ala Arg Arg Pro Gly Leu 
1 5 10 15 



<210> 


50 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


50 



Ala Ser Val Leu Gly Leu Asp Asp He His Arg Ala Trp Arg Thr 
15 10 15 



<210> 


51 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


51 



His Arg Ala Trp Arg Thr Phe Val Leu Arg Val Arg Ala Gin Asp 
15 10 15 



<210> 


52 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


52 



Trp Arg Thr Phe Val Leu Arg Val Arg Ala Gin Asp Pro Pro Pro 
15 10 15 



<210> 


53 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


53 
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Val Leu Arg Val Arg Ala Gin Asp Pro Pro Pro Glu Leu Tyr Phe 
15 10 15 



<210> 54 

<211> 15 

<212> PRT 

<213> Human 

<400> 54 



Glu Leu Tyr Phe Val Lys Val Asp Val Thr Gly Ala Tyr Asp Thr 
15 10 15 



<210> 


55 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


55 



Thr Tyr Cys Val Arg Arg Tyr Ala Val Val Gin Lys Ala Ala His 
15 10 15 



<210> 


56 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


56 



Val Arg Arg Tyr Ala Val Val Gin Lys Ala Ala His Qly His Val 
15 10 15 



<210> 


57 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


57 



His Gly His Val Arg Lys Ala Phe Lys Ser His Val Ser Thr Leu 
15 10 15 



<210> 


58 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


58 



Arg Lys Ala Phe Lys Ser His Val Ser Thr Leu Thr Asp Leu Gin 
15 10 15 



<210> 59 
<2ll> 15 
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<212> PRT 
<213> Human 

<400> 59 

Leu Thr Asp Leu Gin Pro Tyx Met Arg Gin Phe Val Ala His Leu 
15 10 15 



<210> 


60 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


60 



Gin Pro Tyr Met Arg Gin Phe Val Ala His Leu Gin Glu Thr Ser 
15 10 15 



<210> 


61 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


61 



Thr Ser Pro Leu Arg Asp Ala Val Val lie Glu Gin Ser Ser Ser 
15 10 15 



<210> 62 

<211> 15 

<212> PRT 

<213> Human 

<400> 62 

Arg Asp Ala Val Val lie Glu Gin Ser Ser Ser Leu Asn Glu Ala 
15 10 15 



<210> 


63 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


63 



Ser Gly Leu Phe Asp Val Phe Leu Arg Phe Met Cys His His Ala 
1 5 10 15 



<210> 64 

<211> 15 

<212> PRT 

<213> Human 

<400> 64 



Leu Phe Asp Val Phe Leu Arg Phe Met Cys His His Ala Val Arg 



wo 03/038047 
1 5 
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<210> 65 

<211> 18 

<212> PRT 

<213> Human 

<400> 65 



Phe Asp Val Phe Leu Arg Phe Met Cys His His Ala Val Arg He Arg 
1 5 10 15 



Gly hys 



<210> 66 

<211> 15 

<212> PRT 

<213> Human 



<400> 66 

His His Ala Val Arg He Arg Gly Lys Ser Tyr Val Gin Cys Gin 
15 10 15 



<210> 67 

<211> 15 

<212> PRT 

<213> Human 

<400> 67 

Gly Lys Ser Tyr Val Gin Cys. Gin Gly He Pro Gin Gly Ser He 
1 5 10 15 



<210> 68 

<211> 17 

<212> PRT 

-<213> Human 

<400> 68 

Arg Asp Gly Leu Leu Leu Arg Leu Val Asp Asp Phe Leu Leu Val Thr 
15 10 15 



Pro 



<210> 69 

<211> 20 

<212> PRT 

<213> Human 

<400> 69 



wo 03/038047 PCT/US02/34588 
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Asp Phe Leu Leu Val Thr Pro His Leu Thr His Ala Lys Thr Phe Leu 
15 10 15 

Arg Thr Leu Val 
20 



<210> 


70 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


70 


Lys Thr Phe I 


1 




<210> 


71 


<211> 


20 


<212> 


PRT 


<213> 


Human 


<400> 


71 



Lys Thr Phe Leu Arg Thr Leu Val Arg Gly Val Pro Glu Tyr Gly 
5 10 15 



Ala His Gly Leu Phe Pro Trp Cys Gly Leu Leu Leu Asp Thr Arg Thr 
15 10 15 



Leu Glu Val Gin 
20 



<210> 72 

<211> 19 

<212> PRT 

<213> Human 

<400> 72 



Thr Leu Glu Val Gin Ser Asp Tyr Ser Ser Tyr Ala Arg Thr Ser lie 
15 10 15 



Arg Ala Ser 



<210> 73 

<211> 15 

<212> PRT 

<213> Human 

<400> 73 

Gin Ser Asp Tyr Ser Ser Tyr Ala Arg Thr Ser lie Arg Ala Ser 
15 10 15 
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<210> 74 
<211> 20 
<212> PRT 
<213> Human 

<400> 74 

Arg Thr Ser lie Arg Ala Ser Leu Thr Phe Asn Arg Gly Phe Lys Ala 
15 10 15 



Gly Arg Asn Met 
20 



<210> 75 

<211> 18 

<212> PRT 

<213> Human 

<400> 75 

Arg Arg Lys Leu Phe Gly Val Leu Arg Leu Lys Cys His Ser Leu Phe 
15 10 15 



Leu Asp 



<210> 76 

<211> 20 

<212> PRT 

<213> Human 

<400> 76 

His Ser Leu Phe Leu Asp Leu Gin Val Asn Ser Leu Gin Thr Val Cys 
15 10 15 



Thr Asn He Tyr 
20 



<210> 77 

<211> 15 

<212> PRT 

<213> Human 

<400> 77 



Arg Thr Ser He Arg Ala Ser Leu Thr Phe Asn Arg Gly Phe Lys 
1 5 10 15 



<210> 78 

<211> 15 

<212> PRT 

<213> Epstein Barr Virus 



wo 03/038047 PCT/US02/34588 
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<400> 78 

Leu Ser Thr Asp Val Gly Ser Cys Thr Leu Val Cys Pro Leu His 
Is 10 15 

<210> 79 
<211> 15 

<212> PRT 

<213> Epstein Barr Virus 
<400> 79 

Ala Tyr Phe Met Val Phe Leu Gin Thr His He Phe Ala Glu Val 
15 10 15 



<210> 80 

<211> 20 

<212> PRT 

<213> Human 

<400> 80 



Arg Arg Lys Leu Phe Gly Val Leu Arg Leu Lys Cys His Ser Leu Phe 
15 10 15 



Leu Asp Leu Gin 
20 



<210> 81 

<211> 500 

<212> PRT 

<213> Human 

<400> 81 



Glu His Arg Leu Arg Glu Glu He Leu Ala Lys Phe Leu His Trp Leu 
IB 10 15 



Met Ser Val Tyr Val Val Glu Leu Leu Arg Ser Phe Phe Tyr Val Thr 
20 25 30 



Glu Thr Thr Phe Gin Lys Asn Arg Leu Phe Phe Tyr Arg Lys Ser Val 
35 40 45 



Trp Ser Lys Leu Gin Ser He Gly He Arg Gin His Leu Lys Arg Val 
50 55 60 



Gin Leu Arg Glu Leu Ser Glu Ala Glu Val Arg Gin His Arg Glu Ala 
65 70 75 80 



Arg Pro Ala Leu Leu Thr Ser Arg Leu Arg Phe He Pro Lys Pro Asp 
85 90 95 



wo 03/038047 
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Gly Leu Arg Pro lie Val Asn Met Asp Tyr Val Val Gly Ala Arg Thr 
100 105 110 



Phe Arg Arg Glu Lys Arg Ala Glu Arg Leu Thr Ser Arg Val Lys Ala 
115 120 125 



Leu Phe Ser Val Leu Asn Tyr Glu Arg Ala Arg Arg Pro Gly Leu Leu 
130 135 140 



Gly Ala Ser Val Leu Gly Leu Asp Asp lie His Arg Ala Trp Arg Thr 
145 150 155 160 



Phe Val Leu Arg Val Arg Ala Gin Asp Pro Pro Pro Glu Leu Tyr Phe 
165 170 175 



Val Lys Val Asp Val Thr Gly Ala Tyr Asp Thr lie Pro Gin Asp Arg 
180 185 190 



Leu Thr Glu Val He Ala Ser He He Lys Pro Gin Asn Thr Tyr Cys 
195 200 205 



Val Arg Arg Tyr Ala Val Val Gin Lys Ala Ala His Gly His Val Arg 
210 215 220 



Lys Ala Phe Lys Ser His Val Ser Thr Leu Thr Asp Leu Gin Pro Tyr 
225 230 235 240 



Met Arg Gin Phe Val Ala His Leu Gin Glu Thr Ser Pro Leu Arg Asp 
245 250 255 



Ala Val Val He Glu Gin Ser Ser Ser Leu Asn Glu Ala Ser Ser Gly 
260 265 270 



Leu Phe Asp Val Phe Leu Arg Phe Met Cys His His Ala Val Arg He 
275 280 285 



Arg Gly Lys Ser Tyr Val Gin Cys Gin Gly He Pro Gin Gly Ser He 
290 295 300 



Leu Ser Thr Leu Leu Cys Ser Leu Cys Tyr Gly Asp Met Glu Asn Lys 
305 310 315 320 



Leu Phe Ala Gly He Arg Arg Asp Gly Leu Leu Leu Arg Leu Val Asp 
325 330 335 



wo 03/038047 PCTAJS02/34588 
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Asp Phe Leu Leu Val Thr Pro His Leu Thr His Ala Lys Thr Phe Leu 
340 345 350 

Arg Thr Leu Val Arg Gly Val Pro Glu Tyr Gly Cys Val Val Asn Leu 
355 360 365 

Arg Lys Thr Val Val Asn Phe Pro Val Glu Asp Glu Ala Leu Gly Gly 
370 375 380 

Thr Ala Phe Val Gin Met Pro Ala His Gly Leu Phe Pro Trp Cys Gly 
385 390 395 400 

Leu Leu Leu Asp Thr Arg Thr Leu Glu Val Gin Ser Asp Tyr Ser Ser 
405 410 415 

Tyr Ala Arg Thr Ser He Arg Ala Ser Leu Thr Phe Asn Arg Gly Phe 
420 425 430 

Lys Ala Gly Arg Asn Met Arg Arg Lys Leu Phe Gly Val Leu Arg Leu 
435 440 445 

Lys Cys His Ser Leu Phe Leu Asp Leu Gin Val Asn Ser Leu Gin Thr 
450 455 460 

Val Cys Thr Asn He Tyr Lys He Leu Leu Leu Gin Ala Tyr Arg Phe 
465 470 475 480 

His Ala Cys Val Leu Gin Leu Pro Phe His Gin Gin Val Trp Lys Asn 
485 490 495 

Pro Thr Phe Phe 
500 



<210> 82 

<211> 9 

<212> PRT 

<213> Human 

<400> 82 

Leu Met Ser Val Tyr Val Val Glu Leu 
1 5 



<210> 83 

<211> 9 

<212> PRT 

<213> Human 
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<400> 83 

Tyr Met Arg Gin Phe Val Ala His Leu 
1 5 



<210> 84 

<211> 9 

<212> PRT 

<213> Human 

<400> 84 

Leu Leu Leu Arg Leu Val Asp Asp Phe 
1 5 



<210> 85 

<211> 9 

<212> PRT 

<213> Human 

<400> 85 

Phe Leu Arg Thr Leu Val Arg Gly val 
1 5 



<210> 86 

<211> 11 

<212> PRT 

<213> Human 

<400> 86 

Gly Leu Leu Leu Asp Thr Arg Thr Leu Glu Val 
15 10 



<210> 87 

<211> 9 

<212> PRT 

<213> Human 

<400> 87 

Ala Ser Leu Thr Phe Asn Arg Gly Phe 
1 5 



<210> 88 

<211> 9 

<212> PRT 

<213> Human 

<400> 88 



Phe Leu Asp Leu Gin Val Asn Ser Leu 
1 5 



wo 03/038047 
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<210> 89 
<211> 15 
<212> PRT 
<213> Human 

<400> 89 

Leu Tyr Phe Val Lys Val Asp Val Thr Gly Ala Tyr Asp Thr He 
15 10 15 



<210> 


90 


<211> 


19 


<212> 


PRT 


<213> 


Human 


<400> 


90 



Leu Phe Asp Val Phe Leu Arg Phe Met Cys His His Ala Val Arg He 
1 5 10 15 



Arg Gly Lys 



<210> 91 

<211> 15 

<212> PRT 

<213> Human 

<400> 91 

Phe Ala Gly He Arg Arg Asp Gly Leu Leu Leu Arg Leu Val Asp 
15 10 15 



<210> 


92 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


92 



Trp Cys Gly Leu Leu Leu Asp Thr Arg Thr Leu Glu Val Gin Ser 
15 10 15 



<210> 


93 


<211> 


15 


<212> 


PRT 


<213> 


Human 


<400> 


93 



Arg Thr Ser He Arg Ala Ser Leu Thr Phe Asn Arg Gly Phe Lys 
15 10 15 



<210> 94 
<211> 19 
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<212> PRT 
<213> Human 

<400> 94 

Arg Arg Lys Leu Phe Gly Val Leu Arg Leu Lys Cys His Ser Leu Phe 
15 10 15 

Leu Asp Leu 



<210> 95 

<211> 45 

<212> DNA 

<213> Human 

<400> 95 

ctgtactttg tcaaggtgga tgtgacgggc gcgtacgaca ccatc 45 



<210> 96 

<211> 57 

<212> DNA 

<213> Human 

<400> 96 

ctcttcgacg tcttcctacg cttcatgtgc caccacgccg tgcgcatcag gggcaag 57 

<210> 97 

<211> 45 

<212> DNA 

<213> Human 

<400> 97 

tttgcgggga ttcggcggga cgggctgctc ctgcgtttgg tggat 45 



<210> 98 

<211> 45 

<212> DNA 

<213> Human - 

<400> 98 

tggtgcggcc tgctgctgga tacccggacc ctggaggtgc agagc 45 



<210> 99 

<211> 45 

<212> DNA 

<213> Human 

<400> 99 

cggacctcca tcagagccag tctcaccttc aaccgcggct tcaag 45 



<210> 100 
<211> 57 
<212> DNA 
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<213> Human 
<400> 100 

cgtcgcaaac tctttggggt cttgcggctg aagtgtcaca gcctgtttct ggatttg 57 
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